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S.M.RYTOV j 

THE THERMAL NOISE THECRI, part 1. 

I 

(A disouBBion is given of the general electrodynamic theory of thermic electrical 
fluctuations, see Bibl. 1, and some results are given f or its application to problems 
that are of interest in radio physics and radio technology.) 

INTRODUCTION ; 

As the sensitivity of radio receiving devices increased, greater and greater 

importance was taken cn by the apparatus* own noises accidental electrical 

processes of various origins. One type of noise is electrical fluctuation (of 
current, voltage or charge) as caused by the thermal motion of micro-charges in 
the bodies, so-called thermal noises, which depend fundamentally on the tempera- 
ture of the bodies. It is precisely these noises that determine the lowest level 
of over-all .noise possible at a given temperature in the output of the receiving 
device. They are therefore of interest not only where they themselves are the 
object of observation, but also as the principal limit which radio technology ap- 
proaches as its advances in the direction of lowing the factor of noise. 

At the same time an the experimental discovery of thermal noises, a theory was 
elaborated about them, and it i s this theory that we will discuss below. It 
should be noted immediately, however, that this theory was adapted to thermic 
electrical fluctuations ii quasi -stationary circuits, characterized by concentrated 
impedances. It thus relates to devices in which the dimensions of 1 are extremely 
small in comparison with the wave length ^ in the surrounding space. 

Learning to use shorter and shorter wave lengths, radio technology finally 
arrived at the u.h.f. range, in which we are also faced with thermal noises, but 
where the premises of the quasi— stationary theory ere no longer fulfilled since 
the dimensions of the new devices are comparable toj ^ • Together with this, im- 
| pr ovements in receiving apparatus made it possible to pick up, in the range from ; 
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meter-long to centimeter-long waves, thermal electromagnetic radiations issuing j 
from external sources. As we know, on this technical "basis a new science is 
developing, that of radioastronomy. The peculiar feature of radioastronomical ~j 
apparatus is tnc fact that the very signal received by the device is a thermal 
noise, while the problem consists of measuring it on the background (actually, 
below the level) of the apparatus' own noises. But regardless of the "internal* arj 
"external" origin of thermal electrical fluctuations, we must deal with the electro- 
magnetic fi«ld (in particular, the radiation field) in a range in which the applic- 
ation of the quasi -stationary theory cannot be justified without special analysis. 

There exists, however, another physical theory the subject of which is also 
the chaotic electromagnetic field caused by the ther m a l fluctuations of charge 
and current in the bodies. This is the classical theory of thermal radiation devel- 
oped in the second half of the 19th century and completed with Planck* s hypothesis 
of light quanta. Canthis theory be directly applied to questions interesting 
radio technology? The answer here is also negative since the classical theory of 
thermal radiation regards the electromagnetic field in terms of approximated 
geometrical optics. Its laws pre-suppose that the dimensions of the bodies, the 
radii of their surface curvatures, etc., are very large in comparison with the 
wave length, which is entirely justified in the case of many optical problems 
but which is not now applicable to u.h.f. 

Thus, until recently we had: (1) a theory of ther m a l electrical fluctuations 
for the qua si -stationary region (1^A);(2) a theory of thermal electromagnetic 
radiation for the region of geometrical optics (l & A ); whareas in the u.h.f. 
radio range, A. , i.e. neither of the aforesaid conditions is fulfilled. It 

is understood that there are no grounds for assuming that the two extreme systems 
are valid for explaining the intermediate area. In other wards, we are in need 
of a theory of thermal electrical fluctuations that is not bound up either with 
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the condition of quasi -3 tationari ness or with the approximation of geometrical j 

optics. Naturally, this must be a statistical theory, but it must rely on general 
electrodynamics. j 

This kind of general theory of thermal electrical fluctuations, created in \ 

the recent past, encompasses questions that go far beyond the limits of radio 
technology. This article has as its purpose to set forth, in brief, those results , 
of the said theory that can be of interest from the point of view of radio physics 
radio technology. In parts 2 and 3 we will briefly summarize the fundamentals 
of the theory, whereas a number of purely physical and at times quite complex 
problems, which had to be dealt with in our initial work on this theme (Bibl.l), 
are omitted here. 

1. ELECTRICAL FLUCTUATIONS U QUASI -STATIONARY CIRCUITS 

The theoretical, approach to thermal electrical fluctuations i n a quasi— stationary 
circuit has a great deal in common with the theory of Brownian movement, i.e. the 
chaotic movement of a particle suspended in a liquid. In both cases there 
take place chance changes of state in the macroscopic system (position of particle 
voltage in the circuit) as caused by the chaotic influence of a multitude of micro- 
particles in thermal motion (electrons in a conductor, molecules in a liquid). The 
effect on the particular macroscopic system can be well described in the form of 
some chance external force applied to the system and possessing definite statistical 
properties. This approach was borrowed by the theory of electrical fluctuations 
from the theory of Brownian movement (2), of course, with the replacement of the 
chance mechanical force by a chance electromotive force e(t). Thus, with regard 
to thermal fluctuations, any linear two-pole network must be represented as con- 
taining the source of the chance emf, e(t). 

This approach was further developed by the work of Nyequist (3), who gave a 
spectral interpretation of the chance emf: 


Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 





Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150005-9 


e (t) = / e e 1(Jt du, if e * e (a)) 

— 00 

and who gave a formula for its spectral intensity. Specifically , in the interval 
of positive (Footn.a) frequencies from oa to + A .10 , the spectral intensity of 
this emf is: 


ejdw = — kTRdw 


( 1 ) 


-10 


where k equals 1.38*10 ergs/deg is the Boltzmann constant, T the absolute 
temperature of the two-pole network and R the latter’s active resistance. 

Formula 1 allows us to find the spectral intensities of the fluctuations of 
any electrical magnitude (charges, currents, voltages) in any linear, quasi-stab- 
ionary circuit. To do this we need only write out the Kirchhoff equations while 
introducing into their right-handed sides all the chance emf’s acting in the 
branches with active resistances. Having solved the Kirchhoff equations, it is not 
difficult to then calculate the spectral intensities of all current and voltages, 

1. e. the Kirchhoff laws for alternating currents, written out with the chance emf's 
give the compldB theory of thermal electrical fluctuations in linear, quasi -sta- 
tionary circuits. 

The question of the derivation of formula 1 will not be handled here. We should 
only like to emphasize the possibility of describing thermal fluctuations as the 
result of the action of chance emf's localized in the circuit's active resistances 
and statistically independent for different resistances. 

2. THE CHANCE SIDE FIELD. THE GENERAL THEORY OF ELECTRICAL FLUCTUATIONS 

As we know, the emf in any closed circuit is the linear integral (circulation 
across the circuit) from the intensity of the so-called side electrical field, 
distributed in the conducting wires forming the circuit. The side field is intro- 
duced in electrodynamics as some equivalent magnitude allowing us to express "in 
electricaly language" the various forces acting on the charges but not having an 
electromagnetic origin, or more precisely, performing their work owing to some 
outside source of energy — mechanical, thermal, chemical, etc. 


STAT 
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It is natural to extend this general interpretation of the emf to the chance 
emf causing electrical fluctuations. Here we approach the notion of the chaotic 
side field localized in the matter of any body. In this field are included all ir~ ...j 
regular forces that act on the micro-charges and that are tied up with the orderless 
thermal motion both of these jaicro-charges and of all other micro-particles. The 
intensity of the outside field K(x, y,x,t) is, consequently, the chance function 
of the point and time but depends, obviously, on the temperature and electrical 
properties of the material. A.t the same time, by its very nature, intensity K should 
simply be added to the intensity of the electrical field in the particular medium, 
i.e. should be included in Ohm’s law in the usual way, in its differential form: 

Aond' ° (E + K) (2) 

where i con< j is the current density of conductance and €T the specific electrical 
conductance of the medium. 

Transition from the integral emf of a to side field K distributed over the 
entire volume of the body, immediately allows us to go beyond the l im its of 
quasi -stationary problems. By means of Ohm’s differential law (formula 2), the 
chance side field can be introduced into the system of general electrodynamic equa- 
tions. We thus obtain Maxwell's system of nonuniform equations, the right-hand 
sides of which contain the chance side field K. When solving the equations, this 
field should be regarded as pre-assigned. For any system of bodies, the Maxwell 

* 

equations (together with the boundary conditions with the necessary conditions for 
infinity) exactly determine the intensities E and H, i.e. they allow us to express 
the components of E and H in the form of some volumetric integrals from the 
r* nmpnnflnt.fi of K, which terminates the electrody n a mi c part of the solution of any 
problem dealing with thermal electrical fluctuations. The next and last step is the 
statistical one. 

We are usually interested in the average energy magnitudes characterizing the 
energy of the fluct ua tin g electromagnetic field and the transfer of energy in this 


I ! 
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field. For example, the spectral intensity of the density of an energy stream 
(Umov-Pointing vector) will be: 

S w = ~ l [E, tf] + [E* Hi I 

4Tt 

As was said, as a result of solving the electrodynamlc problem, E and H 
are expressed through the K components. Consequently, to calculate the average 
values from the products of the E and H components (and just such products enter in- 
to the energy magnitudes) we must know the definite statistical characteristics of 
the side field K, and more precisely, we must know the average values of the 
products of the K components taken at different points of the s-ace. Such magni- 
tudes are called correlation functions of the K components. In the given case they 
are the space correlation functions. They characterize to what extent the values 
of the component at point x, y, z and the values of the component at 
another point x* , y 1 , z* are related statistically to each other. 

A number of general considerations, together with the requirement that for 
rather high frequencies (1 » X ) the laws of the classical theory of thermal rad- 
iation remain in force, permits us to completely determine the form of the correl- 
ation functions of the K components,. By virtue of this we obtain everything 
necessary for calculating all energy magnitudes characterizing the thermal fluc- 
tuations of an electromagnetic field and, in particular, the fluctuating wave field, 
i.e. the thermal radiation. , 

t 

emphasize onee again that since the electrodynamic part of the problem i s 
solved „on the basis of general field equations, the correlation between the dimen- 
sions of the bodies and the wave length is in no way limited, i.e. the solution 
encompasses all the diffraction phenomena occurring in the given geometrical 
conditions. On the other hand, in border cases of 1, ^ X or X & X 
(where 1 characterizes the size of the bodies) there naturally come into force 
the approximation of geometrical optics or the quasi-stationary approximation. 

Evidently, of greatest interest is the application of the afore-described 
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P ( . - k 3 ae» 


This formula encompasses the transition to an ideal conductor, whae & & 

2 

and d 0. If, on the other hand, wr is not great, so that > » aivri 

“ A 


4 n^a V a|ln(ka| 2)| 3 

Upon transition to an ideal dielectric (£**►<)) , the radiation power approaches 
zero proportionally to the conductance. The relationship to the frequencies and 
to the radius &. is completely different in al 1 three cases. 

3. THE CASE OF FAIRLY 'JELL CONDUCTING BODIES 

For the majority of problems on thermal noises in the u.h.f. range, the afore- 
described general theory can be simplified to a considerable extent. The reason 
for this is that in this frequency range the skin effect is expressed very 
strongly even in not particularly well conducting materials, so that the dimension- 
less parameter kd is extremJly small: * 


kd = 


2nd 


: 1 ( 5 ) 

For example, in the case of a frequency f = ~g^' ~ 3,000 Me, we find 

that kd equals 0.055 even at a conductivity of 10 12 absolute units, which is only 
10 times greater than the conductivity of sea water and more than 1,000 times 
smaller than the conductivity of carbon. For copper (# z 5.7-10 17 abs. units) 
at this frequency, kd equals 7.10”^. 

As we know, if condition 5 is fulfilled in the bodies, the electromagnetic 
field outside the bodies is only slightly disturbed in comparison with what it 
would be in the case of ideally conductive bodies with the same geometric para- 
meters. This permits us, generally, to free ourselves from the patent incorpora- 
tion of the field inside the bodies and to examine only the external field interest- 
ing us, subjecting the latter to some approached boundary conditions that are close 
to the conditions on the surface of an ideal conductor. Specifically, when 5 is 
fulfilled and when we have a surface that is not very greatly distorted (the 


10 


4 

I 


■STAT 


Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 





Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150005-9 



Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 





Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150005-9 



curvature radii are far greater than d) , the tangential components of the external 
electrical and magnetic fields should be bound together on the surface by the cor- 
relations (c): 

E X ■ Hy. E, H * (6) 

Here x and y are the coordinates on the surface. If the conductivity augments, 
d -♦ 0 and, since the magnetic field remains finite, we obtain in the limit the 
following conditions cn the surface of an ideal conductor: Ey- = ^y = 

Thus, in the case of a strong skin effect it is possible to seek only the 
field tha t is outside the bodies but that satisfies boundary conditions 6. This 
is a far simpler problem, and it is therefore natural to attempt, when expression 
5 occurs, to profit by its advantages also in matters of electrical fluctuations. 

To do this we need only introduce into 6 the surface side fluctuation field Q, 
which has only tangential components Q* and ‘^y. We thus obtain the boundary con- 
ditions: , , 

E, ♦<*. - V Q * H * (7) 

The problem of finding the fluctuating electromagnetic field E and H is now 
set up by means of differential equations that do not contain the side field, i.e. 
by means of Maxwell* s uniform equations, but on the surface of the bodies there 
occur nonuniform boundary conditions 7. 

The solution results in expressions for E and H in the external space having 
the form of linear functions of the components of surface side field Q. To find 
the average energy magnitudes, though, we now need the correlation function of 
Qx and Qy. However, to determine them we no longer require any new assumptions 
since the question is solved unambiguously on the basis of the already known statis- 
tical properties of the volumetric fluctuation field K. With this method we 
solved a problem o n the thermal radiatinnof a sphere in which the skin layer d 
was both in comparison with the wave length X in the surrounding space and 

in comparison with the sphere's radius & (see Bibl. 1, paragraph 14). As for 
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the correlation between a. and * , it can have any value, which consieta here 
again in the generelieation of the olaeaical radiation theory, requiring fulfills 
of the condition a * . 

For the spectral power radiated by the entire sphere, we obtain an expression 
of the following type: 

Pw -■£-* < kd ’ k “> 

A picture of the function of f is given in Fig.l, in which we show the Rela- 
tionship between the power radiated per unit surface of the sphere ( Po = 4* AT ) 

and ka = where the radius of the sphere a changes. The curve is constructed 

for kg < 0.001 (for ka< 3, curves corresponding to values of kd 0.001 and 

less coincide). 

Where ka « 1 (but of course ka » kd since aVd) p m takes on the value: 

Pw “ Jg ? k3<1 

4tc 2 . 

With increase in the sphere's radius, p w grows and then gradually declines with 

weakly expressed max imams that are slightly displaced rightwards in relation to 
those ka values that correspond to the sphere's own vibrations (of the electrical 
type). At large ka's, where a » * , the specific power p ffl asymptotically 

approaches the same value (formula 4) as we had obtained for the thick, well-con- 
ducting cylinder and which proceeds from Kirchhoff’s classical law. 


'tcT^hoffs La* 



mgs 
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From the curve in Fig. 1 we see that in a small sphere (ka~l) the radiation 
per unit surface is li to 2 times more intensive than in a large one (ka>> 1). 

This increase of the specific radiation power, and also of its oscillating behavior 
at «wn kn T s, iP the result of diffraction of the radiated waves around the sphere* 
As was already pointed out, approaahed boundary conditions 7 often prove to be 
applicable precisely in the u.h.f. range. For the majority of questions in this 
area we are interested in the wave propagation not in the free space but xn feeder** 
waveguides limited by metal walls or in co axia l cables. As to questions touching 
upon thermal, noises in the u.h.f. range, we will now turn to them. First we will 
discuss the results (d) which can be obtained outside the general theory of 
electrical fluctuations and then we will turn to questions for which this general 
theory is indispensable. 

4. THE WAVE-GUIDING FORM OF THE KIRCHHOFF LAW 

Nyequist obtained formula 1 for the spectral intensity of the fluctuating 
emf by examining the transfer of energy between two identical, active resistances 
R joined by an ideal, two-conductor line to which they were adjusted (3). Thus, 
the energy exchange occurs by means of the waves that ars excited in the line by 
each of the resistances and that are unreflected owing to, the adjustment of the line 
to the loads. The power in the frequency interval from « to <*>+d. c* , sent into the 
line by each resistance, can be calculated in the following way. 

If at seme moment we were to shorten both ends of the line, we would n catch n 
in it the waves r unning toward eacn other with different frequencies 40. The 
system of standing waves with frequencies from u) to Oi v can be regarded 

as a superposition of the line 1 a own vibrations whose frequencies are included in 

t&e said interval. !he line's own frequencies, if its length equals 1, are: 

C o W b = n(n = 1, 2, 3, . . .) 

i.e. are separated froa each other by ice = . Assuming that 1 is 2*rge 


13 
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enough so that ico <Uu> , v» obtain the following number of inherent vibrations in 
the Am interval: 

doj l du> 

ds * — — * 

da dCi) tic 

In the non- quantum region, there comes into force the theorem of the regular 
distribution of energy by degree of freedom, according to which for each inherent 
vibration there is, at thermal equilibrium, an energy of © - kT * Consequently, 

the energy in the line for the frequency interval of is equal to: 

01 dw 

© eds = 

Tic 

But with acting, coordinated resistances, there is no reflection on the ends, 
which signifies that the resultant energy is Just equal to the energy that both 
resistances send into the line during the run of a wave at distance 1, i.e. 
during the time . Thus, each resistance sends the following energy in a 


Possessing this expression, it is no longer difficult to obtain the spectral 
intensity (formula 1) for the emf acting in each resistance, but expression 8 
itself is of greater interest to us for the moment. 

This expression is obtained for a special kind of line and for so called 
main waves, in which both the electrical and magnetic fields are purely transverse. 
It is possible, however, to show that the same result remains in force for a 
line ( a one-dimensional channel) of arbitrary form and for any type of wave pos- 
sible in such a line, and not only for sain waves, which, generally speaking, can 
also be impossible (for instance, in a wave guide), a proof that is analogical 
to the above but which takes into account the possibility of dispersion and con- 
sequently the difference between the phase and group velocities is given in Bibl. 
1, paragraph IT • 

Thus , an emitter having a temperature © and coordinated with the wave 
guide at frequency W , sends, at this frequency, a power with a spectral density 
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° * • If we now decide that in the presence of any uncoordinated body In the 

wave guide, the thern»l equilibrium be preserved In each spectral Interval, It la 
possible to obtain the power sent by the uncoordinated emitter . 

Let us assume that in sections of a wave guide A and B (Fig. 2) we have 
emitters that are completely coordinated with the wave guide at frequency on 
a wave of some type (E or H) and number (m, n), i.e. emitters that do not reflect 
this wave. Between them we will place an uncoordinated emitter C, and we will 
assume that the disagreement is, generally speaking, different on both sides of C. 
We will designate the coefficients of reflection, absorption and passage of C, 
if the wave falls to the left by R x , A x and 1^, and if it falls to the right by 
Rg, A 2 and I^. It is understood that R^A^D ^ R ^Dg-l. By and P UJt 

we will indicate the powers radiated by C on the said wave, on the left and right 
respectively . 

(The last two pages of this article are missing. Tr . ) 

EOOTHOTES 

a) Intensities in the spectrum along positive frequencies will be noted by 
the subscript . Ifrey are twice as great as intensities in the spectrum along 
frequencies from - op to -+• op , so that e^ “ 2ee*, where e is the complex spectral 
amplitude of e(t); the asterisk designates a complexly conjugated magnitude and 
dash designates the statistical mean. 

b) See Bibl. 1, paragraph 10. 

c) These correlations were obtained simultaneously by A.K.Shukin (4) and 
M. A. Leontovich, the latter also pointing out the possibility of using them as 
the boundary conditions in solving marginal problem* with regard to good conductors 
(5). 

d) See, paragraphs 15 17 


v 
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AJUKEARKEVICH and B. L Blokh 
OH THB MAXIMUM CARRYING CAPACITY OF A COMOBXCATIOH SYSTEM 

(From geometrical correlations a formula is developed for the wma carrying 
capacity of a communication system. The final result shows that the well known 
Shannon formula is only valid in the limit at a signel/interfereace ratio ap - 
proaching infinity.) 

The carrying capacity of a communication system is defined as the amount of 
messages transmitted in the system per unit time. 

Ifte maximum carrying capacity , i . e . the maximum number of messages that can be 
transmitted per unit time at an unlimitedly snail probability of error, is ex - 
pressed by the correlation: 

c ’ F log * (j + i0 ' a) 

This correlation is the essence of one of the Shannon theorems (Bibl.l). In 
a later work (2), slannon gives a geometrical proof for this theorem, this proof 
being, however, unsatisfactory. 

In the present work we give a more exact proof of this theorem so as to nake 
correlation 1 more precise. 

Let uj assume that a communication system carries a message that is reflected 
by the signal in the form of some function f(t) having a final duration T and a 
limited spectrum of width F. According to Kotelnikov'e theorem (3), to completely 
define this message we need only supply the final number of separate values of 
function f(t), equal to: 

n » 2 FT 

The total n of separate values of function f(t) can be represented as a point 
in the multi •dimensional space of n dimensions with coordinates: 

f t . f(lx), k- 1 . 2 . . . . » 

Thus, each signal is depicted as a point or vector in the space of n dimen- 
sions. The length of this vector: 


16 
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{Y~-i 

» k * 1 


equals the square root of the energy of the given signal. 

I 

Instead of vector f, ve will examine vector: 

y - — f 

n 

In this case the square of the length of this vector: 

k = 1 

will express the power of the signal. If an interference is imposed on the signal, 

around the point of the signal with coordinates: 

Y k « — f k , k = 1, 2, . . . n 

n 

a region of indefiniteness is formed . Expressing the interference "by of 

the chance vector: 

: -_L ; 

vr 

with the components \ , we obtain for the square of the length of this 

vector: 


If the interference is a white noise, then owing to the chance nature and 
independence of all directions of the interference's vector are equally 

probable, while its length fluctuates around the value: 

A/Pn 'Vi 5 

(average power of the interference) 

Thus, the region of indefiniteness around the end of the signal's vector 
represents a symmetrical formation in which the surfaces of eqial probabilities 
are surfaces of rotation (we are speaking of the fall probability of the vector 
end of the received signal, i.e. the vector of the sum of signal and interference 
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Br- 


at the given point in space). 

In order for the signals to be distinguished from each other it is necessary j 
for the regions of indefiniteness of the various signals not to intersect each . 

other. If this condition is fulfilled, the ideal receiver (in Kbtelnikov's 
sense) vill unmistakenly select the actually transmitted signal and reestablish 
the corresponding message. 

Let us determine the maximum number of distinguishable signals for the case 
vhere n is any unli mitedly large whole number. In this case, in the expression for 
the square of the vector's length: 

**-■4 £ n 

k = 1 

we will regard f k a » a chance magnitude. Under these conditions, the fluctuations 
of the chance magnitude y 2 around the value P(P equals ^Li^ \ f ^ ) 

will decrease when n is increased, and as y 2 ve can adopt the average power of the 
sigml, P equals const. The same can be said for the vector of interference z, 
whose square length, where n is large, can be regarded as constant and equal to 
the average power of interference P K . 

Let us now calculate the length of vector u, which depicts the received 

signal: ... 1 - 1 ; 

V7 

The square length of this vector equals: 

k = 1 
or 

« 2 - p + p n + f 12 f k £ k 

But the latter item, owing to the independence of the signal and interference, 
is equal to zero on the average, while the fluctuations of this item decrease with 
increase of n. Thus, where n is rather large, with a probability unlimitedly close 
to units we have: 

l8 
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and the vector length of the received signal equals JW+P jf , vhile the 

vector length of the transmitted signal is JfP* and the vector length of the Inter- 
ference Tpjj . Such a relationship between vectors reflects statistical lndepen- 
, dence,i.e. the absence of a correlation between the signal and the interference. 
Geometrically, however, this is reflected in the fact that the interference's 
vector is orthogonal to the vector of the transmitted signal, as is shown in 
Fig.l. Consequently, the ends of the vectors of the transmitted signals lie 
on an n surface - — a uniform sphere of radius J"p, vhile the vector ends of the 
received signals lie on the surface of a sphere having a radius of JT+Rjt 
A ll directions of vector j in the plane normal to vector f are equally probable. 
Therefore, in the case in question i.e. that of a large n, the region of indefinite" 
ness degenerates into a n -dimensional circle lying on the surface of an nfid imension- 
al sphere having a radius of J 
Fig.l fig -2. 




How ve can approach the problem of finding the number of distinguishable 
signals in terms of a purely geometrical problem of packing the maximum number of 
unintersecting circles of radius r *=■ on the surface of a sphere of radius 

R * 4 P+Pfl . The geometrical arrangement of the problem is shown in Fig. 2 on 

a three dimensional model. 

In actuality, the problem is that of an n dimensional space, where n is a 
very large number since only on this assumption do we obtain clearly defined circles: 
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■j instead, of indistinct regions. This scheme can also be applied to a small n on the 

J. condition that the signal and interference powers are constant and that P Pjj, i 

-■! ! 

For the surface of a sphere with radius R in the n-dimensional space we have 

the well-known formula: 

-! S H = — — " - R a 

j + 

The area of a circle with radius r in the space equals: • 


. (This is nothing other than the volume of a sphere with radius r in the space of 
(n - 1) dimensions.) 

The number of r radius circles fitted in with the closest packing (without 
mutual intersection) on the surface of an R radius sphere (assuming that the number 
of circles is great and ignoring, for this reason, the surface’s curvature) equals; 


N — o(n)~ 


- a („) y; n SLl 1±L f A.) 

r(f + .) I'* 


where cr( n ) is the coefficient for using the area (packing coefficient). 

The coefficient cr(n) for using the area is evidently equal to the coefficient 
p(n - 1) for using the volume in the space of (n - l) dimensions when packing into 
it spheres having identical radii. By replacing R and r with their values, we ob- 


jV= y *np(n — 1)- 


. / n 1 \ n— I 

h *~) (i + _e_) 2 . 
r (f + .) 1 pJ 
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At the present time there does not yet exist a complete solution 
problem dealing with the closest packing of spheres in an n-dimensio^l space, 
and consequently the exact value of the coefficient f (n - l) in unknown. However, 
v. have established the limits within which the packing coefficient is found; 
these limits are expressed by the inequalities: 


The estimate below belongs to Minkovsky; the estisate above is given by 
Blichfeldt (U). Substituting the aforesaid limits into the formula for H logar- 
ithmic and throwing out the terms that are ssall in comparison with n (where 


we obtain for the limit carrying capacity: 


F log 2 -r (* c - < F 1082 2 Q + p n ) 

f [ iog2 y*yy 2 ] * c - ‘ p [ iog2 k + 4 ) _ x ] (3) 

Urns, the limit carrying capacity is. in any case smaller than that determined 


by the Shannon formula . Only vhere 


cfi do formulas 3 aQ d 1 give ° coin— 


ciding results; here, of course, the unit in the rounded parentheses can be ignored 


since for this limit case: 


C -» F 1 og 2 


Let us now examine the case where the number, N, of different signals exceeds 
the limit number. Under these conditions, the regions of indefiniteness (the 
circles of radius r) begin to intersect, which leads to an unequal to sero probabil- 
ity of error in receiving and reestablishing the transmitted message. The prob- 
ability of error in this case is equal to the ratio of lengths of these circles 
(Flg.3a). Evidently, transmitting will become impossible when the r radius 
circles completely (without free gaps) cover the entire surface of the R radius 
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sphere, since in these conditions the probability of error vill be equal to unity 

(Fig. 3 b) The number of circles completely covering the surface of the sphere 

r/_5_ + JL ^ o-i 

is expressed by the formula: V 2 2 / / P \~~Z — 

M - V^n6 (n - 1) f- ( 1 + — ) 2 

Wjl. + i ) \ p n / 

where 8 (n) is the packing coefficient in the case under investigation. 


= Vn n 6 (n - 1) - 


In recent articles (5,6) we were given the lower estimate of $(h); it would 
seem that where n is large this estimate is expressed as a constant magnitude, 
slightly larger than unity. Therefore, where a* to, we can write: 

/ P \— 

M < B ^0 - t d r 

where B is a constant multiplier. By logarithming and throwing out the slowly 
augmenting terms, we obtain for the carrying capacity precisely the Shannon cor- 
relation 1. However, as we see, this correlation obtains a completely different 
meaning: it expresses the carrying capacity with a probability of error that is 
unlimitedly close to unity. 

On the other hand, with increase of P/P^ > the limits in formula 3 and the 
value of C from formula 1 unlimitedly approach the value expressed by the limit 
formula 4. Following from this is the final conclusion, that under conditions of 
unlimited increase* of P/Pp-, the limit carrying capacity tends toward the value 
expressed by formula 4; upon reaching this value, the probability of error jumps 
from; 0 to 1. 

All the foregoing discussions and results relate to the case of n — * «e 
Since n equals 2FT, at a pre assigned band F this signifies that we are dealing 
with rather long message segments, while assuming that the transmitter codes this 
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entire segment in the optimum manner and that the receiver reestablishes this 
section in picking up the complete corresponding signal. 

SUPHJ34KH:T 

When examining the theory expounded above, there arises an obvious question 
as to the correlations at which we have the right to represent the diffuse region 
of indefiniteness as a distinctly limited area. In other words, at what values 
of n do the fluctuations of the vector length of the interference become small 
enough - 

We will state the problem in the following manner: we must find as the 
function of n the interval in which the vector length of the interference is 
included with the pre-assigned probability. Geometrically, this task leads us to 
find the width of the ring representing the cross section of the region of indef~ 
initeness by means of the plane normal to the vector of the transmitted signal; 
the ring constricts with increase of n, and in the limit becomes the circle which 
figured in all the aforegoing constructions. 

For the square of the vector length of the interference We had: 

i 

k = i 

The distribution for z is known; it is the so called distribution (Footn.a): 

vs; / vr\ "- 1 - ; y 2 


9 (y) = • 


r Cf) 




It is presupposed tbat the are independent and distributed according to 

the normal lav with parameter s : 

£ - 0, £ 2 = p n 

The integral law of distribution expressing the probability of whether the 
magnitude of z will be in the interval between 0 and y Is given by the formula: 

23 
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¥ (y) = 


-±- f 

*) J 


dx 


'{f) 


This integral is not expressed in certain functions. But it can be shovn 
(and owing to the lach of s^ce we do not give the proof here) that where n 
with precision up to terns that decrease no slower than n the above 
tion can be replaced with the no real one: 

■ft 

J V -JLx 2 

e 2 dx 

„e can Judge as to the degree of approximation obtained through the use of 

this formula from the following figures: 

n 2 8 18 28 


V (1) - V n (1) 


V (1) 


0. 46 0. 14 0.084 0.065 


Let us now find the probability which the investigated chance magnitude 
might fall into the interval y 1 < V <- ?2., where: 


y* = 1 - e , = 1 + e (y 2 " Yi " V* + e “ 

The sought for probability is expressed by the correlation: 

e /t 


e) 


V n ( y2> “ ( * 


l) ’ VTn S 


2$ 


('/0 




Where * is the symbol of the Xaplao. function (integral of probabilities). Pre * 
assigning a probability p we can find the reiatlve width of the ring<(i.e . 
the ratio of the width of the ring to the radius). Urns, where p equals 0.99, 
we obtain the following figures: 
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n 

10 2 

10 3 

10 4 

10 5 

10 6 

— 

e 

0. 368 

0. 116 

0. 0368 

0.0116 

0.00368 


The width of the ring decreases as 

la evaluating these figures It should he revered that for a telephone 
signal (F «. 5 Kc) having a duration of one second, we have: 

n = 2FT = 10 4 

per a television signal (F = 5 Me) at the same duration, n Is already 10 T . 
Article received by the Editors on December 15, 195^- 
footnotes 

a) See B. V. Gnedenko, "Kura teorii veroyatnostel" ("Course in the Theory 
of Probability "), pp . 12 5 127 • 
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K. I. CHERNE 

ON THE THEORY OF A SINGLE-TUBE R AND C GENERATOR 

(A study Is made of the single tube R and C generator . An equation of free 
oscillations is advanced in a generalized circuit which Is used to analyze a 
number of special diagrams for single tube R and C generators. Baking it possible 
to establish some general rules.) 

1. INTRODUCTION 

The generator examined In this article consists of a si n gl e tube amplifier 
whose output is connected to the input through a quadripole consisting of an 
R and C (Fig.l). 

Such generators, as ve know, are of practical interest when ve need low 
power but rather stable and small sized sources of sinusoidal voltage. Such 4 
generators were first suggested by V. I. Siforov (Footn. a). 

We find in technical literature several diagrams of single tube R and C 
generators (Bibl. 1, 2, 3); the authors of these works limited themselves to a 
study of diagrams in which the quadripole in the feedback circuit consists of 
three or four half T shaped quadripoles of the type shown in Fig. 2a or Fig. 2b. 

In this article we examine the general case where the quadripole in the 
feedback circuit of the generator consists of any number of identical half T 
shaped quadripoles of the type shown in Fig. 2a or Fig. 2b joined in series (cascade) 
Fig.l (Feedback circuit) Fig. 2 


I 


To study this general scheme at work we use the matrix theory of quadripoles 
(4) and the technique of analyzing the stability of linear systems as developed 

27 
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by E.V .Zelyakh (see Appendix I)* This made it possible to avoid the complicated com! 
putations that are inevitable when studying complex circuits by the usual method of ; j 
contour currents or by the method of nodal voltages, and also to obtain with com- 
parative ease a compact formula expressing the self excitation conditions of such 
tube generators* 

2. DERIVATION OF FREE OSCILLATION EQUATION 

Let us assume that in the diagram of Fig.l, the feedback circuit represents n . 
cascade connected, identical, half T— shaped quadripoles, shown in Fig *3* Let us de— 

Zt velop the free oscillations equation of this diagram* For this 

C ~ 3 JT we must first find the parameter A-^ of the quadripole obtained 

Q 'Y after dividing the diagram of Fig.l at points 1-1 (Fig*4)« 

This quadripole represents a cascade connection of two quad- 

Fig.3 

ripoles, the first being the amplifying cascade and the second 
consisting of n cascade— connected, identical, half T— shaped quadripoles as in Fig*3« 

If we ignore the resistor in the' cathode* s circuit, parameters coefficients 
matrix of the first quadripole will equal (4): 

h«h- ai1 ■ (1) 

a 21 a 22 0 U 

where 5 is the grid plate transconductance of the tube, and K the amplification of 
the cascade: 


Here Rj_ is the internal resistance of the tube, and p the latter* s amplific 
tion factor. 

The parameters coefficients matrix of the second quadripole equals: 
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which corresponds to the diagram of fig. 2a. 
Then from formula 9 we get: 


+ (i-t 

(u) 


(15) 

Pl = « c x r ; 

(16) 

in this case, ve get: 


„ * 

C 

II 

(17) 


1. Let n equal 1. In this case the diagram of fig.l becomes the diagram of 
fig. 5, for which, from expressing 13 to 15 we get: 

K = — (1 q) + \Px‘ ( 18 ) 

Since K is substantial, ip 1 equals 0 or co equals and K equals -(1 / q). 

But K should be positive (see equality 2). Therefore, this type of circuit 
will not be self -exciting, i.e. the circuit of fig. 5 cannot be a generator. In an 
analogical way it can be shown that if n equals 2, the diagram of fig.l will also 
not be self -exciting. 

2. I^t n equal 3. In this case the diagram of fig.l becomes the diagram of 
fig. 6, for which, from expression 13 to 15 we get: 

& = ~ 1 +Z 7 ? (5 -f* Q) ~ 3? + 4q v- p\) . (19) 

Fig. 5- Fig. 6. 


L 



c, 

II 1 

1 


^ f 

> fa 



Since K should be substantial, this equality is broken into two: 

K l+p?(5 + f) — 3?. ( 

+ ( 


Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150005-9 





Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 




From formula 21 we determine p^: 


or, incorporating formula 16 , we get: 


Px—V 6 + 4 q 


J 2nC,r^t)4-4 ? ‘ V 

Substituting formula 22 into formula 20, we get: 

K = 29 + 23? + AqK ( 2 4) 

In this case 0 and K>0. Therefore, the diagram is self -exciting if 
the conditions of formulas 20 and 21 are fulfilled . Equality 24 determines the 
necessary minimum amplification of the cascade, while formula 23 determines the 
generation frequency. 

If q4£ 1, which as ve know is desirable from the point of view at the stable 


operation of the generator, then: 


1 0.065 

2a C jr, b C j r 3 


This result coincides with the result obtained by V. I. Siforov (l) using 
another method. 

The above examples show how, by using equalities 13-15, we can obtain the 
self -excitation conditions of the generator in fig.l with different numbers of 
cascade -connected quadripoles from fig. 2a, forming the generator^ feedback 
circuit. The results from a number of different circuits are given in table 1. 
let us now examine the case where In fig. 3: 


Z* = — ■ 


which corresponds to fig. 2a. 


In this case to the output of the tube we must connect a spacing condenser 
C c and a leak resistor Rc (fig.7)» I* the resistance of this condenser Is very 
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snail at the generation frequency, while the resistance of Rc Is rather great, 
equality 11 will also he valid for the quadripole we obtain if we divide fig. 7 
at points 1-1. Since In this case: 


? = a 2l = i q nJ , tf 


where 


while 


?> = 


rBi 


r, (r-f *,) 


P» — "C t r lP 

equality 13 assumes the form: ( A" - A£ ) (l — i q 3 p 7 ) — ( x«+* — X“ +1 ) 


X,-X a 


where 




( 33 ) 


Fig. 7 (Feedback circuit, cascade connection of fig. 2b) 



Equalities 33 and 34 are obtained from formulas 9 and 10 after substituting 
into the latter two, formulas 27 , 28 and 31* 

Adopting various values for n, let us determine from formula 3 2 the 
generation frequency and the necessary amplification of the generators from 
fig. 7/ As in the case where the feedback circuit consisted of the cascade-con- 
nected quadripoles from fig. 2a, in fig. 7 generation is only possible where 
n>2. The analysis results for a number of circuits are given in table 2. 
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3. when ve increase the number of cascade-connected links from fig .2a in 
the feedback circuit, there is an increase in the value of C x r 2 necessary to 

obtain the given frequency (table l). 

4. When we increase the number of cascade-connected links from fig. 2b in 

the feedback circuit there is a decrease in the value of necessary to obtain 

the given frequency (table 2). 

Conclusions 3 and 4 should be borne in mind when, in designing a generator ., 
we obtain inconvenient (very large or very snail) values for the resistances and 
capacities . 

APPENDIX 1 

The requirement for fulfilling the amplitude balance and phase balance 30 
as to develop generation in the closed linear system of fig -8, corresponds to 
the equality : 


U x - U it 


(I) 


where U x and U 2 are the stages at the input and output terminals (respectively) 
of the quadripole that will be obtained if we divide fig.8 at any spot and load 
its output terminals with a resistance equal to the repeat resistance of this 
quadripole. If we divide fig.8 at points 1-1, we will obtain the quadripole of 
fig. 9 . The repeat resistance of this quadripole equals infinity (since it 
begins with the open input of the tube) and therefore its output terminals in 
fig . 9 are shown as being interrupted. 

We know that for any quadripole the following equation is valid: 

U\ — A tiU * 

where A^and A^ are the quadripole's parameter a -coefficients. 

jpie output terminals of the quadripole in fig. 9 are interrupted, and there- 
fore x 2 r 0 and the basic equation becomes: 

U x - A it U 7 . 

Incorporating equality I, we obtain the following condition for the develop- 
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meat of continuous 


oscillations in the closed linear system of fi«.8s 


Here ^ is the ^ra-rter-coeffici.nt of the quadripole fro. fig.9. 
Fig. 8 a (Amplifier) b (Feedback circuit) »8-.L 




This eq^lity is the particular case of a correlation, advanced by E.V. 
Zelyakh in 1929, between the parameters -coefficients of a quadrille for de- 
termining the stability of a linear closed system and is only valid for the 
special case where the input resistance of a quadripole obtained from dividing 
a closed system is eqx»l to infinity. 

APPENDIX 2 

By "bringing the square satri* Hall to its diagonal font" (1*) it is meant 
that this nmgnitude is presented in the following form: 

„ a || = n *ii -ii mi- H* irM 

ii it ^ +vie reverse matrix to the diagonali- 
HereWxft is the diagonalizing natrix,lbc|l 

zing one, andlWIthe diagonal matrix. 

If )\al! is a square matrix of the second order: 
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\‘ a ~ k | - <>. 

which is caU* L characteristic equation of 

^soiveathiseqoatioavithr^T ^ 

x 4 — ^ ■ y -* 

a u + _ -l/T^THIL _ | a | . C 111 ) 

Xj — ~ 2 * ^ 

where I alls the aeter mlnant of natri* # a» : 

| a \ = a n a n - <in‘ 7 =i- 

IJ „ 

„ . » ». “* “ - 1 ' “ 
to a power is highly simplified . 

If ve have a square matrix \|a\J, then: 

ua\\ n - ii jcii tixtr-u ^ir 1 - 

m the case where .Ball is a mtri* of the second order, we obtain: 
"•“'-HI o l |" ,,Xr '- . „ -1 and af ter multi- 

After suhstittB.Bg the aforesaid matrixes Ml and fell 
plying, we obtain formula 8. 

Article received by the Editors on February 12, 1953- 


Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 





Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 




FOOTBOTBS 

a) Patent BO. 48,581 having priority from Hovexriber 22, 1953 
bxbliographi 

1. V. I. Siforov. "0 generate!! Xampovykh skhem, soderzbashchikh R i 
OS ("On the Generation of R and C Tube Circuits"), JEST, Ho. 4 and 5, 1936. 

2. "Fizlcheeklye osnovy electrotekhnlki" ("The Physical Foundations of 
Electrical Engineering"). Edltded hy K. M. Pollvanov. Gosenergolzdat, 1950. 

3 . F. Pels. "Die Scbwingungserzeugung fceio Phhseschiebergenerator " ("The 
Generation of Oscillations in Phase-Shifting Generators"). Funk und Ton, N 0 .2 

1952- 

4. E. V. Zelyakh. "Osnovy ohshchei teorii llneinykh electricheskikh skhem” 

( "Fundamentals of the General Theory of Linear Electrical Circdis"). Izdatelstvo 

AN SSSR, 1951. 

5 . E. V. Zelyakh. "Raschet filtrov s transfornatornymi svyzyand.” ("Filters 
with Transformer Bonds"). Qualified research. LETI im. V. I. Ulyanova -Lenina, 

1929. 


38 


ISTA1 


Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 





Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 



Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 





Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 


I 


In this article we exposal a method for a general solution to problems dealing 
with the antenna effect of a feeder as caused by as jane try of the receiver's input. 
1. POS3SG THE PROBLEM 

In Fig. la we show the principal schematics of the circuits antenna — feeder 
line — receiver input. 

The principal schematics is shown in the projected farm, i.e. one part of 
it (the tube and contour coil) is shown in terms of a circuit that is asymmetrical 
with regard to the ground, while the second part (antenna, feeder line and input 
elements of the receiver) in terms of a symmetrical circuit. In practice, it is 
impossible, in the second part of the schematic, to obtain complete symmetry with 
the ground. Some elements of asymmetry remain both in the antenna and feeder 
line, as well as in the input elements of the receiver. In this study we take 
into account only the asynnetry of the receiver's input elements; the antenna 
and feeder line are regarded as symmetrical. 

For convenience of analysis let us replace, in conformity with the principle 
of reciprocity, the schematic of Pig.la with an anological transmitting schematic, 
shown in Fig. lb. 

TM g . 1 a (Input stage of receiver) ,, Fig . lb - 


a ) 






3 


j 


*) 


To give the solution to the problem greater generality, let us replace, in 
conformity with the theory of mulvipole# (Bibi.l) , the input receiver elements of 
Pig. lb with the tripole (three-terminal network) shown in Fig. 2. Here 7 ^, Z* and 
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Z" are tht branch resistances, while E» and E* are the emf at input terminals 
1 and 2. Any receiver input schematic can be brought to the appearance of fig. 2. 
Where the tripole is asymmetrical both in terms of resistances Z* and Z B and in 
terms of the emf* a E' and E B , there develops in the feeder together with the anti- 
phase current a cophase cu rr e nt which will be the cause of an appreciable antenna 
effect in the feeder. 

Fi g-2 (Lead 1, Lead 2, Feeder) 



If we adopt the schematic of fig. 2, we must divide the problem into two parts, 
theoretical and practical. The first consists in determining the antenna effect of 
a synmetrical feeder line which at one end is loaded on the given symmetrical an- 
tenna and which on the other s*ie is fed from a tripole of the fig. 2 type. The 
second, practical, part of the problem consists in working out the most convenient 
way to measure, in the receiver, the equivalent parameters corresponding to the 
tripole of fig. 2. In this study we expound only the solution to the theoretical 
part of the problem. 

2. THE FEEDER'S RECEPTICB FACTCR 

With regard to the receiving system shown in fig. la, we will consider as the 
characteristic of the feeder's antenna effect the ratio of the voltage on the tube's 
grid produced by the electromotive farces excited by the arriving electromagnetic 
wave directly on the feeder, to the voltage an the tube's grid produced by the 
electromotive forces excited by the electromagnetic wave on the antenna's leads. 

To make the problem more definite, let us assume that the electromagnetic waves 
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that excite both the ante nna and the feeder have an identical field intensity and 
arrive from the reception directions of the antenna and feeder respective* - 

ly. We will this ratio the feeder reception factor (f.r.f) and designate it 

by the letter N. 

For the transmitting diagram of fig. lb, we will define the f.r.f. as the 
ratio of the emission field intensity of the feeder in the min direction to the 
emission field intensity of the antenna in the main direction. 

Taking into consideration that the feeder* s emission is basically determined by 
the oophasal wave on it, and the antenna's emission by the anti-phase wave, we 

can determine the f.r.f. as follows: 

mt V P ffl _ f *cl ‘G& __ j_ rl . K ^ 

V p n’ G A R m G A 1 m y R nr G A * 

where: P c is the power of the cophasal wave current; 

t 

is the feeder's amplification factor; 

?jj is the power of the anti-phase wave currents; 
is the antenna's amplification factor; 

I cl is the cophasal current in the feeder line leads at points a-a (fig. lb) ; 

1^ is the anti-phase current in the feeder line leads at points a-a; 

R is the effective resistance component of the antenna-feeder system at 
cl 

points a-a for the cophasal current; 

is the same as above for the anti-phase current; 
h^ is the acting height of the feeder line; 

A is the wave length. 

3. THE ELECTRICAL PARAMETERS OF THE FEEDER LUTE 

The values of the currents and resistances entering into formula 1 can be 
found by using methods of the long line theory. The theory of long lines, as we 
know, is based o n differential equations in which the linear parameters of the lines 
are used as the multipliers. Let us speak for a moment about the characteristics 
of these parameters in the ease of feeder lines. If we were to limit ourselves 
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to studying g aaly tho tho foodor lino slight b© rfl^irdtd m a long 

lino situated over an ideally conductive ground . Tho linear parameters of such 
a symmetrical Hm are: tho inductance the capacity C Q , the effective resis- 
tances r 0 of the leads, the notual inductance and the mutual capacity 
between leads. 

In the given ease, since our examination includes, together with the anti- 
phasal wave, the cophasal wave, in addition to the aforesaid parameters we must 
also incorporate parameters introduced by the semi-conductive ground: the linear 
effective resistances r gQ and r gl2 and the introduced inductances L^q and 
as well as the linear emission resistances of the cophasal currents r^Q and 
r s 1<J . We will ignore the effective leakage of the leads in this case. 

We can gain a notion of the order of magnitudes of the aforesaid parameters 
tram, the table given below. In the case of an ideally conductive ground, the 
parameters were calculated by the method of potential coefficients (2), while the 
parameters bound up with the influence of a semi-conductive ground were calculated 
by the method expounded in Bibl. 3 and 4. The data given in the table refers to 
a symmetrical two-lead feeder suspended over moist earth (o - 10 ^ OGSM : £ - 10) 
and over dry earth (o' ^ lo” 14 CGSM : € ^ 5) at a height h equals 4m. The distance 

between the feeder leads was adopted as D equals 35mm and the lead radius m R ® 

I 

6. 1m. This kind of feeder, in terms of wave resistance, is equivalent to the 
standard quadripole receiver feeder having a lead rad i us of r equals 0.75 mm and a 
distance between leads of d equals 35m». 

As a supplement to the data in the table, fig. 3 and 4 show curves of the 
relationship of r g0 and LgQ to the wave length in the range from 15 to 100 m, the 
curves being drawn up for different suspension h e i ghts of the feeder over d amp 
earth. 

A notion as to the order of magnitudes of the feeder line* s emission resistances 
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* n i 2AJ — (»-- ** ^ ^ 

E‘ + E." 

where Ag equals -— 7 - — -p is the asymmetry coefficient in terms of the emf ! s; 

& equals 'r: * 2 - ■ is the asymmetry coefficient in terms of the resistances; 

L X - 2. 

M equals x* • x* is the ratio of the middle branch conductance to the total ‘ 
conductance of the side branches of the tripole (fig. 2 ); 

Z A/|T> is input resistance of the antenna-feeder system in terms of 

the anti-phasal and cophasal currents respectively; 

Zg# is the receiver’s input resistance. 

In formula 2, the basic parameters determining the degree of asymmetry are Ag 
and A^. Their adjustment permits us to symmetrize the receiver’s input and essen- 
tially to bring ratio I^/l^ to * ero « The receiver’s input is only completely 
symmetrical in the case where Ag equals 0 and A^ equals 0 simultaneously. Ratio 
Id/Vi equals 0 not only where Ag equals 0 and A^ equals 0, but also where 
Ag(l / equals A^i.e. where there is mutual compensation of asymmetry. 

Ratio Wi also depends on z ^ Z &x and M. However, tha possibility 

of changing Iqi /%1 by specially choosing these magnitudes is Ughl/ restricted. 
Indeed, Z and Z &x , for purposes of the maxi mum effectiveness of the receiving 
system, are usually made equal to the wave resistance of the feeder. The magni- 
tude of M cannot increase unlimitedly since the parasite leakages Z* and Z 9 princi- 
pally have final values. With regard to the resistance for the given con- 

crete antenna -feeder system its magnitude is completely determined and cannot be 
adjusted. 

Expression 2 togethor with formula 1 allows us to find the magnitude of the 
antenna effect of a symmetrical feeder developed owing to the asymmetry of the 
receiver's input. 


<s 
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CONCLUSION 

On the basis of cur study, w» can draw the following conclusions; 

1. It is convenient to evaluate the magnitude of the feeder's antenna effect 
by means of the so-called feeder reception factor, which, when replacing the re- 
ceiving schoisatie ulth th© equivalent transmitting schematic, is defined as the 
ratio of the emission field intensity of the feeder in the main direction to the 
emission field intensity of the antenna in the main direction. 

2. The f.r.f. is a complex function of the parameters and characteristics 
of the antenna-feeder system and of the receiver's input. 

3* The f.r.f. is meat evident as a function of the asymmetry coefficients of 
the receiver's input, the antenna's amplification factor, the feeder's acting 
height and the feeder's suspension height over the ground's surface. 

4. The asyraeetry of the receiver's input should be characterised by two co- 
efficients, which are called th© asymmetry coefficient in terms of the resistances 
and the asymmetry coefficient in terms of the emf's. 

5. The method of solving the problem, as proposed in this study, can easily 
be generalised to the case of a transmitting antenna -feeder system. 


DERIVATION OF FORMULA FOR CQPHASAL AND ANTI-PHASAL CURRENT RATIO IN FEEDER LINES 
Based on the fundamental theses of the theory of asymmetrical, electrically 
connected lines developed by A. A. Pistolkors (2), vs can present the equations 
for the currents and potentials in the leads of a two-lead line (fig. 6) in the 


following fora: 

IZi- - z, A + z,,A; - z,A + z,> A 

dx dx 

(i> 

Jh I (S, V,-b,y r a ); "t = I (b, v,- »„ r, 

dx dx 

where V^ and V_ ar ® the potentials of leads 1 and 2 relative to the ground; 
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w h*re 1^ and I 2 are th» ourranta in laada 1 and 2j 
i l z l2 , b^ b 2 and 1^2 are tha oompiax parameters of tha lino, aqnamng: 

\ a (r l * r £l + r gl 5 + 1 " <L 1 + L gi )f 

Z 2 - (r 2 + rj;2 + r g 2 ) + 1<a (L? - + 

^--^12 + W + i «(« i 2 + M gl2 ), 

= 6>C l5 b 2 *«C 2 ; 1^2= « C 12 


Flg.6^ 


L<l*d ^ 


JT2EZ1 


~=TT 


Taking into consideration that in this study ws are examining symmetrical 
feeder lines, i.e. lines in which the leads have identical diameters and are found 
at an Identical height above the ground, it is possible to assume: 

'^1 = ^2“ Z 0 l5 l = b 2 = b 0- 

Introducing deal gnat ins : 

Y_^ - *v^ ■ is the voltage between the feeder’s leads (the anti-phase 

voltage) ; 

£(V 2 + V 2 ) = Uq i S the feeder’s potential relative to the ground; 

- i^) * 1 is the anti-phasal current in each lead of the feed®-, 

(I 2 + Ii) = i 0 is the total cophasal current in the feeder, 
and, taking into account correlation 2, we can give equation 1 the following 

appearance: 
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— = 2 (£<> — feu )/ /] 




- - - - - — — {2q-\- Zw) /f 

tfjc 2 

= I2(fr 0 — 

Jjc 


Equations 4 represent the customary equatins for a two-lead line (equations 
for the anti-phasal wave of the current and voltage), while equations 5 are the 
usual equations for a single-lead line having a return current path through the 
ground (equation for the cophasal wave of the current and voltage). 

Equations 4 and 5 , as we know, have the following solutions: 


U n - A n ch tnX + BfjShTnX 

i n - -L ( A n sh' 1/7 x+ B n ch \ r , x ) 
P n 


U c — ch 7c x sh 7 C j: | 

/C- ^Mc sh Tc**+*c ch Tc*> j 


where ln - (Z 0 +Z U ) (&„— ft ia ) is the propagation constant of the anti-phasal 

current ; 


P - 2 |/ r i Z H~ Z ° 

" K ‘o+w. 


is the characteristic resistance of the line for the 


anti-phasal current; 


Tc“ V i (Zo 4- Z ia ) (fc 0 — tia) is the propagation constant of the cophasal 


* c y b ti — b 0 is the characteristic resistance of the line far 

the cophasal current; 

A t ) ; &n ; are the integration constants determine d from the problem 1 a 

boundary conditions. 

At the connection point of the feeder line to the antenna (where x equals 0) 
we have the following correlations between voltagjs U<Tq> and currents Ijf 0 
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- *n 9 Z An 

JL 

2 


( 8 ) 


where is 


the antenna's Input resletanoe to the anti-pbasal current wave; 


Z is the antenna's input resistance to the cophasal current wave. 
AC 

Introducing designations Z Al ,='? n fo& An and ^ c = p c the AC and 


boundary 

formations 


conditions 8 to equations 6 and 7, we obtain, after some simple trans- 


O r 


P/7 


sh i*An + hn x ) 


>n ~ 'm ' chB.„ ch + in *> 


(9) 


°c -^co^%-'-(e AC + T C -) 


/r= /, 


c-'co che 


As we see from the previous tables 


ch (8 a c + Tc 


, 0 « r^; « I,; « M,-.: = M? ’ 1 


( 10 ) 


( 11 ) 


In addition, for feeder lines having a small distance between leads in compari- 
son with the wave length, we can assume that; 

( 12 ) 

incorporating formulae 11 and 12, we can assume with a sufficient degree of 
precision that: 


T/7 


1 m ; P /7 “ W <t > » 


(13) 


where A is the wave length, the wave resistance of the feeder for the anti- 
phas&l current; 


r L - r go 

Pa -V Yc v im. Pc+ m 
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where W c is tbs wave resistance of the feeder for the oophasal current; 
p c is the attenuation factor of the feeder for the oophasal wave. 

The wave resistance W_ is oaleul&ted from the formulas: 
u 

Wr = 120 in ?h for two-lead feeders 
C y r Kb \ 


XV 2 h 

= — — + 1 20 in — - — for four-lead feeders. 

2 d 

The designations of h, R, D and d correspond to those indicated in part 3. 


The values of the attenuation factor p c for the cophasal current of a standard 

four-lead receiving feeder are given in graph form in fig. 7. The graph applies 

to a moist earth (0 = lO” 1 ^ CGSM; € = 10) and to caee where the linear resistance 

of the feeder's emission r^Q can be ignored in relation to th« effective linear 

resistance r , introduced into the feeder's lead by a semi -conductive ground. We 
gO 

note that in the high-frequency range, this is always valid if the length of the 
feeder 1 > 150-200 m. 


6 - 10 n CC. 
E- 10 



— 


Sr 




*1-3*1 

h-5* 

1 


16 20 


In fig. 8 we give a graph shoving the relationship between the wave resistance 
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W of a standard four-load receiving feeder and the suspension height of the feeder 
C 

over the ground. 

ElgJL. 


— I 


i r ti 

1 

- . 


t— 1 | 1 


" 

rj 

i i i j 



ri 

LJ 



r 

t_L_LJ 

n 

i i 

2 3 4 5. 1 


Taking into account formulas 13 and 14, we can bring equations 9 and 10 into 
the following form: 




hi " in 


ch (H u7 -f I m.r) 


(15) 


, - C — sh(t V *- i'c <> 

- ch 

'c = ^0-^4 — ch < e ,»c+i c x) 


( 16 ) 


There now remains to determine the coefficients I^q and I-^q from the boundary 
conditions on the other end of the feeder line where x equals 1. For this let us 
turn to fig. 6. In view of the asymmetry of the tripole we cannot present the 
boundary conditions on this end in the form of a simple correlation between the 
anti-phasal current 1^ and the cophasal voltage , as we did at the antenna 
end of the feeder. In this case, the anti-phasal current will also depend on the 
cophasal voltage, while the cophasal current will depend on the anti- {basal volt- 
age. 
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In view of the above , tho isost convenient thing to do is to express 1 ^ and 
J ni through the values of V^and which are bound up with and by cor- 
relations 3. 

The boundary conditions where x equals 1 can be expressed through V and V 

It 2l 

in the following form: 

Z * 2 V 2' Z" ) (I,) 

,• £' - fu , 

C! Z- + z* 


Expressing V-^ and through U C1 ^ U Ri according to formula 3, we can 
transform formula 17 into the following form: 


Substituting into formulas 15 and 16 the values of J-, and I-,, from formula 

111 Cl 

(18), we obtain a system made up of two equations with two unknowns I-^-q and I , 
from which it follows that: 


+»+*-■ 


) + ^ciVo sh(0Ac+Tc() 
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■ ■ 

! [f-t’ + LtJL 

-41) 

] W *' r <-' Sh <».,„+ Ull) 


1 

r~ 

. N 

K 

N 

2 J 

J 2 


'T^"^ch(0 H/7 -fi ml) -f ~~ (4 + i H y { + )) sh ( e ^/7 + IJ *0 


where A is the system's determinant, 

11* 11 

V) - — : Y (-) = T- - — 

V Z" Z' Z" 

Substituting into formulas 15 and 16 x equals 1 and the values of 1^ 

I , from formulas (19) and (20) after soma simple transformation we enn obtain 
CO 

the following expression for I^/ly^: 


E' + E" Z' - Z" 

E’ - E" Z T + Z” 

Z'Z" 1 E l 

— + - 1 - — 

(Z T + Z") 2 E T 


+ E' + E' 1 
E' - E" 


V - Z" 
Z' + Z" 


th (0 A J] + imZ ) 


th (0AC + y *) 


*-*U V ^ ^ ) E» E. . . . . v 

” »5x , ) 

where Z n is the input resistance of the receiver, equal to Z ***= Tf » — - — : — 

x' + z +ZR 

Designating the resistance of the antenna-feeder system to the anti-phasal 

current through tii (0 AIT + imij and to the cophasal current through 

z Afo ~ 0 > and designating the ratio of the total of ewf's to 

E 1 t E" 

their difference through Ag equals — ^ , the ratio of the difference of 

^ * z. * — z" 

the side branch resistances to their total through A_ equals 

_ z-z" _ • ^ . 


and the magnitude 
the following form: 


Z k (z'+2-" 


through M, expression 21 can be written in 
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RECTIFIERS WITH ELECTRONIC STABILIZATION 


(A technique is suggested for the technical calculation of stabilisation 
limits for rectifiers with electronic stabilisation in terms of the given 
variations of the line voltage, the load current and the adjustment limits of the ■ 
stabilised voltage.) 

1. INTRODUCTION 

Rectifiers with electronic stabilization are used very frequently at present. 
However, literature on the subject does not give sufficient information cn calcula- 

e * 

ting the characteristics of this device in terms of the given conditions. 

Usually one analyzes the device* s stabilization factor, which characterizes 
the variations of voltage or current at the device's input under conditions of pre- 
assigned variations of the line voltage or load cur rent. 

However, of no less interest is the matter of the stabilization limits, i.e. 
the extreme values of line voltage load current at which the device operates normally, 
as characterized by the given stabilization factor. In a rectifier with electronic 
stabilization it is easy to aid just the stabilized voltage. The limits of possible 
adjustment are bound up with the stabilization limits. 

Calculation of stabilized rectifiers should be divided into two steps: 
the first, calculation of the stabilisation limits, and the second, calculation of 
the stabilization factor. This article is devoted to the first calculation step, 
which involves the matters enumerated above. 

Let us examine a rectifier built on kenotrons ( J"1 fl 2 ) with a capacity 
input (Fig.l), in its most customary form. 
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Tub® L ^ is a regulating tube which plays the part of an automatically varying 
resistor absorbing the surplus rectified voltage S that augments both when the 
line voltage U rises and when the load resistance R increases, I is a d.c, amplifier. 
We assume as known the performance of L^, and the permissible power of dispersion 
on the anode. To obtain a greater stabilisation factor, as the regulating tube we 
can use ray tubes or pentodes (with a separate source of voltage for the screen 
grid). When we have a triode connection of these tubes, we must take account of 
possible overheating in the screen grid, owing to which the permissible current 
magnitude decreases. 

It is profitable to use tubes having minimum plate voltage at the assigned 
current through the Tamp and a grid voltage of zero. For example, in a double 
triode 6H5C where e Q equals 0 and e a equals 30 V, the anode current i a equals 0.2 
amps. If the load current surpasses the magnitude of the permissible anode current 
of the regulating tube, one hooks up several tubes in parallel or shunts the regula- 
ting tube with an effective resistor R w (fig.l). Sometimes one hooks up an in- 
candescent lamp as the shunt Rg. 

2. CHANGE OF RECTIFIED VOLTAGE E DURING CHANGE OF LINE VOLTAGE 

It is usually considered that the rectified non-stabilized voltage E in a 
stabilized kenotron rectifier (fig.l) augments proportionally to the line voltage 
(Bibl.l ) . This assumption is highly inaccurate since during the change of the 
voltage amplitude of the phase winding U^ m , the rectified current I Q remains constant 


/ 
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(since stabilisation occurs) , while the cut-off angle 6 of the current through 
the kenotrcn varies. 

For two values of \ and Q w© can therefore write out the following correla- 
tions 

(sine, — e a cose,), 

where r is the effective phase resistance (the internal resistance of the kenotron 
and of the transformer’s phase winding). 

Hence : 


sin 0, — 8, cos 9 I 

sin e„ — e a cos e a * 


( 1 ) 


i.e. change in the cut-off angle is determined solely by change in the voltage of 
the phase winding. 

On the other hand, the rectified voltage in these two cases equals: 

£ *l = ^«lCOS0 1 H E 2 = Uf m2 cos 0 2 . 

Let us designate: 

a = E.IE 1 (2) 


and 


^ U Amti ^ 


With sufficient accuracy for a technical calculation we can assume that the 
coefficient s characterizes the line voltage change and equals: 

s = 0,1 U t . ( 4 ) 

The coefficient ot characterizes the augmentation of the non-stabilized 
rectified voltage E during augmentation of the line voltage and with an unvaried 
load. 

It ia evident that: 


a = 5 cos e » 
cos 0, 

59 


(5) 
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Considering formula 1, we o» say that the change of the rectified voltage c* 
is the simple function of a and of tho initial value of the cut-off angle © 

(for example, 6 -l), regarded as a parameter. The relationships « = f'(s) for 
angles 6 froa 30° to 60°, the most frequently applied in kenotron rectifiers, 
are given in fig.2 for s< 1 and in fig.3 for s> 1. 

TH y-2- ..Fig. 3. 
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■ 

■ 

m 
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■ 
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■ 
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These graphs were calculated as follows. We constructed an auxiliary curve 
p(0) equals sin© - 0cos6 . According to the selected value of ^ we determined th 
magnitude of P(0 X ). This magnitude was multiplied by ., from which we found the 
value of P(0j) (from formula 1). Fro. th. same auxiliary curve w. determined th. 
value of 0 2 , after which the coefficient*, corresponding to the given s, was 
found froa foraula 5. 
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As follows from the graphs, el differs the greater from s, the larger the 
cut-off angle, i.e. the smaller the load resistance of the kenotron rectifier. 

It should be noted that a comparatively small error in determining ol results in a 
far larger error in determining the voltage on the regulating tube, and consequent- 
ly, a greater error in determining the permissible (from the point of view of 
losses at anode £ 3 ) augmentation of voltage in the network. 

In a hot-cathode rectifier, the cut-off angle is close to 90° and does not 
vary when ve change the voltage of the phase winding. Under these conditions, the 
rectified voltage is proportional to the line voltage and we can as sum® that 
equals s. 

3. CHARGE OF RECTIFIED VOLTAGE UPGR CHANGE OF LOAD CURRENT 

If the line voltage remains unchanged while the load resistance R increases, 
the load current will decrease at the same time as the voltage on the load should 
remain constant. Under these conditions, as follows from fig. 4, the rectified 
voltage E will augment, whereas the cut-off angle will decrease. We must take 
into account that owing to the decrease of current across the phase winding, the 
voltage on it will increase somewhat. We will characterize this voltage rise of 
U by the coefficient p, which exceeds unity by several percents. The magnitude of 
p is the greater, the lover the power of the rectifier’s transformer nrtri the greater 


the decrease of the load current : 




In the case of cut-off angles that are smaller than 90°, we can with sufficient 
accuracy consider that the rectified current is proportional to the amplitude of 
the current impulse across kenotron i am and to the cut-off angle 0 ( 2 ). 


Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 






(. 


Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 








Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 




Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R0007001 50005-9 







The Bought-for coefficient p is the function of q, for which p and are the 
pa rame ters , From this formula we drew up th© graphs shown in figures 5» 6 and 7. 
From the graphs we see that voltage increase under break of load is especially 
intensive where q < 0.25 and is larger, the larger th© cutoff angle in the kenotron 
rectifier. 

EifiuZ— 



V 0,4 


In developing formula 10, the presence of a governing tube in the device had 
no influence whatsoever. The graphs for coefficient (5 are also suitable far cal- 
culating unstabilised kenotron rectifiers* 

4. CRDER OF CALCULATION 

The proposed order of calculation is suitable for finding the stabilisation 
limits of the diagram shown in fig.l. To raise the stabilisation coefficient, in 
some circuits, one feeds into the amplifier's input a part of the matabilised volt* 
age E. The oalculatin order does not change here since it refers to the rectifier, 
the regulating tube and the load. 

For the calculation we must pre -assign: 
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I- 


a) The nominal line voltage U, the minimum line voltage U^, the maximum line 
voltage U 2 ; 

b) the maximum and minimum values of the stabilised voltage and £ 

uaax Gain 

If adjustment of the stabilised voltage is not required, then ^omin R Eq; 

c) the maximum and minimum values of the load current I 0mttT and 1 ^^ , If 
the load does not vary, then Ioain equals 1 ^^ . 

The calculation should be made in the following way: 

1. We determine the coefficients: 

s i — U\IU* (11 ) 

s. = UJU, 

(12) 

Q [otnin + A /> 

+ A / 0 (13) 

where A I Q is the current branching off from cathode L and not going into the 
load. (For example, the current for feeding the volt stabiliser (stabilovolt) 
in the circuit of the stabilized rectifier itself. ) 

2. We select, proceeding from a current I Q / A I Q , the type and orientative 
number of regulating tubes. In terms of the characteristics of this tube we 
determine the mi nimum voltage drop in tube e wg1 ^ procee ding from the current 
across the tube (the current I Q / AI^ divided by the number of regulating tubes) 
and the minimum negative displacement <n the tube’s grid e c equals (0 — 5)V. 

3. Wa calculate the phase voltage and the cutoff angle 6 1 in the keno- 

tron rectifier giving off a current I 0 / A I Q and a voltage Ey. 

£'l = £o max + e„ (/„ + A /„) r L , (U) 

w^ore r L is the effective resistance of the filter’s choke (fig.l). We consider 

the line voltage as equal to Ui« 

4. In terms of the calculated cutoff angle and in terms of the pre -assigned 
coefficient s 1 , we determine from the graph in fig. 2 the coefficient <* 1 and 

then the rectified voltage E occurring at the nominal line voltage equals to U: 

E = E X I* ... ( 15 ) 
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ah own in fig. 9. 

1Hj.fi 


■ Zig.9 



7. We aaka a check on the allowability of dispersion on the anodes of regu- 
la ting tubes at the power occurring under saxlaua line voltage U2, — current 

1q + A Iq and alniana stabilised voltage i,^ w : 

rruir = [^* — min 7 T "U* ^ ^ (22) 

If the power per leap exceeds the permissible power, vs oust increase the 
nuaber of regulating tubes or use nore powerful tubes, or, finally, reconsider 
the technical problea. ^ 

8. In calculating, aoaauit east be taken of the following: 

The rectifier* s transformer east, in its construction, be adapted to work at 
the a a xiaua line voltage U 2 , the rectified voltage E 2 «*»d current 
AIq« The a a xiaua reverse voltage in the rectifier occurs at line voltage U 2 . 

The anode-grid space of the regulating tube should be able to bear a voltage 


of u a + u 


cl. 


The condensers of the rectifier 1 s filter should be prepared for a working 
voltage of E—^, 

5. PECULIARITIES CP GALCULATMG A STABILIZED RECT IFIE R IE THE PRESENCE CP A 
SHUNTED REGULATING TUBE. 

As was shown in Bibl. 1, the hooking up of a shunt results in a decrease ef 


67 


Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81 -01 043R0007001 50005-9 






Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81 -01 043R0007001 50005-9 



Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81 -01 043R0007001 50005-9 







Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81 -01 043R0007001 50005-9 





Sanitized Copy Approved for Release 2010/08/12 : CIA-RDP81-01043R000700150005-9 




a) in point 2, tfao typo, mater of regulating tutea and roltago drop in than 

•a nin •" not **>• ourr * Bt J 0 + flI 0 but 111 ° f 

tht anode current of th* governing 'tabs: 

L— -'</o+AA 0 ). 

The magnitude of t should be determined from fcnmila 28 in term* cf the 
orientative magnitude off , close to the product of «i <*2 ft 

b) After determining, in points 2, 3, 4, and 5, the coefficients*^ ***? > 
it must be made certain that the following correlation is fulfilled: 

*1*2? < I* 

If this is not so, one must alter coefficient t. 

Here we mist calculate | from a formula that is more accurate than f armula 27. 


min «* (0,1 -r 0,2) i a m ** • 

c) When determining, in point 6, the voltage drop on the tube ^ and the 

voltage on the grid e g we must substitute the current I a instead of the 

current (I Q + Al Q )* 

d) The check on the dispersion power on the anodes of the regulating tubes is 
done under the conditions of point 7. Here the power is calculated from formula 
30 of 31, ‘depending on the magnitude of t. 

Article received by the Editors on February 8, 1954* 
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SXKOGAM 

Active Member of the Society 

MAHROW-BAHD QUARTZ FILTERS FOR MTBR-TUBK CCBUCTICeS 

(Th. articl* pr.«a« • ’■.««* for eWculmtln* n«row-b«>d quart. fllt.r. for 
lnt»r- tub. commotion, r.»idihg in th. duplication of th. .oh.rn.tio otarmo- 
torictio* of phaM eixouita. Th. filter, ar. oon.truct»d in terms of an 
wjM.trlMl .J.tM using quarts ro.onator. with diTidsd .1.0 trod... 

Th. propoMd method mat*, it po..ibl. to d.torain. what eharaet.ri.tio. 
of .ff.otl-r. attanoation and phaa. rswaW. oma b. obtainad in narrow-band 
qnart. filt«-a, which oon.id.raMj facilitate th.lr calculation and th. a.l- 
action of optimum parameters. 

Formlu arc given for calculating the characteriatica of narrov-hand 
quart* filter a, taking into account loaaea in the resonator a. ) 


In the technology of communication it ia often neeeaaary to separate 
an extremely narrow frequency spectrum or a single frequency with the aim of 
analysing or adjusting the signal. It ia for this purpose that we use narrow- 
bend quarts filters. 

Marrow-band filters can be constructed in terms of a symmetrical or an asym- 
metrical scheme. For inter-tube connections, it is preferable to construct nar- 
row filters in the asyctrical schema since in this case there is no need 

to assure symmetrical loads for the filter. 

The availability of industrially designed, highly stable vacuum quarts 
resonators with divided electrodes (fig.la) facilitates the construction of such 
filters. 

An equivalent diagram of the quarts resonator is given in fig .lb. It pos- 
sesses two resonance frequencies: 
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The in} t at diagram of thi rvtoo&tor cont ain s also a loss resis tance , 
ri 5 however, its magnitude is such that its rating is calculated in tens of 
thousands of units and, at the least, satisfies the conditions 

Q t =^->15000. 

r. 

Hereafter we will not present the resistance r 1 , assuming that toe resonator's 
equivalent diagram represents an ideal three-element circuit. The influence of 
losses on the filter's performance will he taken into account separately. 

The equivalent diagram of the quarts resonator with divided electrodes under 
conditions of asymmetric connection (Bihl.3) it* given in fig.2 e 


The capacity C u 


= C 24 = 


Cj_ 


The capacities and are composed of the static capacity between the 

corresponding metallisation layers and the capacity between the lead-out wires 
of the quarts-holder. Here we pre-suppose that the resonator is constructed in 
such a way that capacity Cj.2 = ^34* 

The static capacity between metallisation layers 1—2 or 1—4 is inappreciable. 
The capacity between lead-out wires 1—4 is smaller than the capacity between 
lead-out vires 1 — 2, which is caused by the construction of the quarts-holder , in 
whioh the distance between lead-out wires 1 — 4 is greater than between 1—2. 

The priisenns of parasite capacities 1 — 2 and 1 — 4 lowers the anti-resonance 
frequency of the series arm of the bridge diagram in fig. 2 in comparison with the 
diagram in fig.l. The magnitude of the difference will be: 
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identical if we assume that: 

C 1 ,+C U + 2C„ = P,C; 2£, =a,i; 
C 13 + C„ = ?,C; -f- = P.C. 


where: 



•»„ = 2”/o; /o = V r A/* ; x « /I ; Xl > ' 

Th« filter*, frequencies are bound up with the frequencies of the phase 
circuit by the correlation: 

P= T 

At the two corresponding frequencies, p and p* , the transmission constants 
of the filter and the phase circuit are identical; we therefore say that the 
characteristic of the filter's transmission constant duplicates the characteris- 
tic of the phase circuit's transmission constant fro® which it is formed. 


The characteristic of the filter's natural damping in the retention hand is 
obtained owing to the characteristic duplication of the phase circuit's natural 
dam ping for real values of p(p equals d). Since p* equals lx, then: 



]/^ 4 - (7) 

r p’* + 4 








X? — x\ 


( 8 ) 


4 


The frequencies of the filter’s retention bend situated lower than the pass- 
through band(0<C * < -* 1 ). correspond to the frequencies of the phase circuit on 
segment jxJ f 0. This follows directly from f crania 7, where it must be assumed 
that p* varies from 0 to ix^. 

It can be shown analogically that the frequencies of the filter’s retention 
band situated above the pass-through band (x 2 < ■* < 00 )> corresponds to the fre- 
quencies of the phase circuit on segment » of a real axis. 

The characteristic of the filter’ s jtoaae constant in the pass-through band 
is ob tained owing to the duplication of the circuit jhase constant’s characteris- 
tic occurring at imaginary values of p, i.e. real frequencies y. 

Since p* equals ±x, then: 


yy 


-4 

j 


(9) 


The n g of the elementary phase circuit at frequency d is equal to: 


11 + d| 


( 10 ) 


whereas the phase constant of the elementary phase circuit at frequency y is 
equal to: 

a t = 2 acrtg_y. (n) 

Since the frequency difference f 2 - f^ does not exceed 0,0036 f}_, the magni- 
tudes of xi and %2 are very close to unity. In this connection, the above formulas 
can be considerably simplified. Let us designate : 




h - /» . 


■ A /; T i= 17 ■ 


We will assume that x % -f x x + x\ f Q ~ ; 


--5PF&+*; 7' 1 - 


( 12 ) 
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to point d equals 1, at two fraquanolaa of tho filter corresponding to Mutually 
oonTerae raluea of d and situated on both aides of the pass-through band, the daap- 
ing will b» identical * 

The characteristic resistance of th© filter equals: 

z=^-. i/^±4- 

p' * p'* + A 

In order for the characteristic resistance at the middle frequency of the pass- 
through band to be equal to the load resistance, it is necessary, as v* know to 
assume r equal to x 2 . Under these conditions, the load resistance is adopted as 
equal to unity (1). As a result: 


Z=-i- 


-.1/ fL zA 

V x> - 4 * 


(17) 


Making use of fonaulaa 8 and 9, and also the appreciations introduced above, 
it is easy to show that for the pass-through band, with a great degree of accuracy: 

(18) 

Analogically, for the characteristic resistance in the retention band, we get: 

Z = — i — — . 

(19) 

In the vicinity of the pass-through band, with a great degree of accuracy: 

Z = — ld. (20) 

When we connect a filter into the circuit, and particularly into the inter-stage 
connection, its characteristics will he determined by the working parameters de- 
termined by the characteristic parameters and load resistances. 

In the pass-through band, the effective damping is also influenced by losses in 
the filter's elements. Hereafter, however, we will designate by bp the effective 
(operating) dating without regard taken for losses. The effective damping with 
regard takan for losses will be designated by bp + b lwj . 

To determine the effective damping and effective phase reversal. of the sym- 
metrical diagram (1) it is convenient to make use of the following expression: 
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Thus, w© have a highly simple expression for the effective damping of the 
narrowband filter in a large frequency range (large in terms of absolute magni- 
tude and also the moot interesting range for us) of the retention band, namely t 

■ b p =:Xb 0 — 0,69 nep ; (24) 

Outside this region, as approach is made toward x - 0 and x * s 


ftT1 ri therefore the damping affect conditioned on reflection can only increase, 
since d -* 1. Where x equals 0 and x equals o> we have an effective damping pole 
of the filter that is independent of the natural dam p ing pole conditioned on the anti- 
resonance frequency of the resonator (fig. 2) . 

Let us determine the effective damping of the narrow-band filter in the 
pass-through band. Since, in the pass-through band, g equals 0 plus INa^ i.e. 


b equals 0, then: 


= cos Na 0 -f i Y\Z ' 


*.=i + i( z -i) WA/a ~ C27) 

«,~«ctg[-f(z+ -£■)««*«. ]. (28) 

According to formulas 18 and 11, Z equals y equals tg -j* , and therefore we 

can write: . 

C “ P ~ 1 + "li^T ' (29) 

a,= arctg -%££-■ (30) 

Since the limit frequencies of the filter xi and x2 correspond to frequencies 
y equals 0 and y equals in the phase circuit, at limit frequencies a 9 equals 0 
and a, equalsTC ; therefore, as approach is made toward the limit frequencies, 
expression 29 approaches the limit: 

whereas expression 30 approaches the limit ap equals erctgH fcr x equals x^ 
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and ap equals Mti — arctgH for x equals x^. 

Consequently, at the limit frequenc es the effective damping is determined from 
the formula: 




From for mula 29 we see that at those frequencies of the pass-through band at 
which sinNa, equals 0, i.e.a^ equals ^ , where V equals 1, 2, 3...N - 1, the effec- 
tive damping equals zero. 


Since y equals tg ^ , then: 


y*-K 
y* + i 


cos a a . 


and therefore the effective damping equals zero where : 

VK 

t] = — COS . 

A 


(31) 


(32) 


If we assume that sin Na 0 — ± 1, then a a equals 1^-- .where V equals 1, 


2. ..H. Under these conditions: 


£» •= In - 


(33) 


This damp in g magnitude occurs where 




(34) 


Making use of the resultant formulas, we will write out expressions for 
where N equals 1, 2, 3. 

For H « 1 : 


For N . 2: 


For H - 3 : 


— -5-lnO +’!*)• 

b, i- in (1+4 ift. 

6,— -j-ln[l -f W 


(35) 

(36) 

(37) 


In fig.5 we give the characteristics of effective dam p i n g i n the pass-through 
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band for H equal# 1, 2, 3. On the x-axia i# plotted thoracal#. 
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Regardless of the number of elementary links, 6 for the given value of |rj| < 1, 

i 

the maximum damping magnitude is determined from the following correlation: 


e * = 1 + 


tg*a 9 sin 3 a 0 1 — ij« ’ 


b = Jn — i — . 

p 2 I - V 

Therefore, in the most unfavorable case, where sinSa 3 equals + 1 and where 
M i 0,71, irregularity of damping in the frequency band -0.71 < 7] < 0.71 does 
not exceed 0.35 nep. The frequency band with such damp in g irregularity is th® 
effective band for many practical problems. 

In the narrow-band filter* s equivalent diagram, we assumed that there are no 
energy losses in the resonator. In actuality, as we see from fig.l, in series 
with the resonance circuit L^C^, there is hooked up a loss resistance that be 
referred over to the inductance Li, and we can assume that the capacities of the 
resonators equivalent diagram are ideal, whereas the inductance has a figure of 
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Where there are losses In the filter's elements, the working measure of 
transmission be presented in the fora of a converging series: 

+ i d ' + • • ' ’ 

where (1) : 

dmr d ' + d ' L.I-L+- U-- 1 -. f38 , 

2 2 ( 0 , <?. / 2 <? (38) 

gp(p* » d) is the working measure of transmission in the presence of losses, 

g (p*) is the working measure of transmission in the absence of losses, 

P 

Ql is the figure of merit of inductances, 

Q 2 is the figure of merit of capacitances. 

In our case, I/Q 2 ^ 0, 8111(1 therefore Q equals 

Since particular points of the transmission measure are only the damping poles, 
the convergence of this series occurs up to frequencies situated in the vicinity 
of d of the damping pole. Thus, che convergence region of the function series of 

K 

the transmission measure is considerably wider than that of the function series of 
the transmission constant. Where the damping pole is sufficiently distance from the 
maximum frequency of the filter, the resultant series also converges at the maximum 
frequency. Limiting ourselves to two terms from series 38, we get: 

g p (p',d)-.b, + d%L + i(a t -d%). 

Thus, owing to losses in the elements, the effective damping in the pass-through 
band increases by the following magnitude: 

= <39) 

When the operating phase reversal in the pass-through band is little different 
from the natural phase reversal, we can write: 

. 42- * -JL . 42- . (40) 


1 dfjp d'l 1 d'l 

2 Q ' da * dx 2 Q dx 

For band filters with an input resistance class } 2, this formula is adequate 


since the echo damping in the effective pass-through band is large enough so that 
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Consequently : 


-i£i- = 2 n— , 

o.r sin a. 


equals 


Jo 

U-h 


(43) 

is the ratio of the average 


where n equals — f> fi 

fr.qu.ncS of pass - through band to the difference of Ir^nr 

i 

cies. 

Haking use of the resultant expressions, we can write: 

$ n 2. V sin a, — co* a, »<o 2.Va,_ 

b = * “ “ ' Jin’ Aa, \ 

■° Q *-'*»'v , + — i^r) (44) 

For the average frequency (y equals 1) a s equals a> 8114 therefore: 

(«> 

-** Q 

For the frequencies, revealing the indefini tenses in expression 44, 

we find that: 


m v + 2.V* 


For frequencies at which sin Na t 0, 
For frequencies at which sin Na t = ± 1, 


3(1 +tn) 

(46) 

N— — • 

Q *Ja* a s 

'(47) 


I 
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of dampings of narrow-band quarts filters in the pass-through band, as conditioned 
on reflection and losses in the resonators. 

The afore-established approximations also permit a considerable simplification 
of the formulas for calculating the elements of fig. 3. 

Thus, formulas 4 can be rewritten ±i the following form: 

(50) 

The cut type and size of the quartz plat® for & narrow-band filter are de- 
termined, when designing the resonator, by a number of considerations bound up 
with the temperature coefficient, the absence of additional resonance frequencies 
close to the basic one, by the production conditions, etc. Therefore, when design- 
ing narrow-band quarts filters on© can widely vary the magnitude of the equivalent 
inductance. However, after the final parameters of the resonator have been adopted, 
they must be exactly repeated in the subsequent production so that the filter con- 
nected between the adopted load resistances might have characteristics that are 
close to the rated ones, 
fog. 9. 



:4T~xl x?\ a x*i 

vr < □ 4= H 4 s 

T J x ti I J x ti _ T J x rn 


The load resistances are determined in the following way: 

Let us take a given resonator. Having measured the capacitances of G^, Cjj 
and C34, and also Of Af^^, we can determine with formula 3 the additional eap- 
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aeitance of AC^, which must be included in the circuit in o order to obtain the 
necessary difference of limit frequencies Af 12 . further, from formulas 6 and 


50 we get: 


C — V (C l2 + C, s -f- A C 13 + 2C l4 )(C,, -f Cj.-f-AC,,) =5= (51) 

^ ^*12 “f~ ^13 ~f~ A C,, -f- c i4 . 


Since the unit capacitance C equals , the load resistance : 


The filter’s diagram for inter-tube connections, this diagram consisting of 
two and three cascade-connected resonators, is shown in fig. 9. The resistances 
R 1 * R 2 ,R 3 and R 4 satisfy the condition: 

R, + R, = R 3 + /?, = /?. 

where is the load resistance of the anode circuit, and the resistance 
connected between the grid and ground of the next cascade. The ratio R^/fe 
R^/R can be selected with such a magnitude that the anode-ground and grid-ground 
tube capacitances, recalculated into the filter's diagram, are less than the 
capacitance of AC^. , 

The damping by voltage between input 1 and output 4 of the inter-tube connect- 


ion equals: 


B = I" - R ' + R ' + *- +b r , d + b‘ oU (52 ) 


Let us say that we must construct a narrow-band quarts filter for inter-tube 
connections having the following characteristics : 

1. Effective pass-through band of the filter 40 cps where the middle fre- 
quency is situated within 50,000 ± 25 cps. The filter's difference at the 

extreme frequencies of the effective pass-through bend and at the middle frequency 
should not exoeed 0.35 nep. 

2. It is desirable that the damping irregularity in the frequency f Q + 
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+ 10 ops. should not sxossd 0.02 nep. 

3. Ths damping in the retention band at a frequency that is Sf equals + 
r 280 ops, away from the middle frequency should be > 7 nap. 

4 . The filter should be constructed in an asymmetrical scheme. Let us assign 

ourselves a coefficient of pass-through band use of 0.71. Them 

40 

/a “ ,, ~ a5F“ 56cps : 

To construct the filter we us© a resonator with a 5° cut since the temperature 
coefficient of such a resonator does not exceed 1.5 — 2 . 10 ~^. 

Let us say we have resonators with a resonance frequency of 55,975 ops. 
equals 50,000, equals C 24 equals 7 f, equoJ - 8 2.7 f, C-^ equals 0.8 f, 
Afyag equals 196 ops., Af-^equals 121 cps. 

Since the middle frequency of the filter equals 55,975 + 28 cps. equals 
56,003 cps. and is found in the p re -assigned limits of 50,000 + 25 cps., the 
resonator can be adopted for calculating the assigned filter (Footn.a). Af ^2 
— cps. is the maximum difference between the filter’s limit frequencies that 
can be obtained in the given circuit through the use of the given type of resona- 
tor. Since this difference exceeds the required one, then by means of adding a 
supplementary capacitance A w© can decrease it to 56 cps. 

Making use of correlation 3, we determine that AC 23 ~ 13.3 f. With the aid 
of formula 12 we determine that ^ equals 0.9675, which proves t© be very dose to 
unity. 

The projected circuit should possess an operating damping of 7 nep. where: 

which in the plane of the phase circuits corresponds to: 

' d " 1 “ 1 U08±1- 

Since the parameter of f is dose to unity, d has approximately two mutually 
reverse values. From the graph in Fig.4 w» see that for these values of d, the 
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damp in g of the phase circuit equals 3.0 nap. Since to obtain an operating damping 
of 7nap. we must, according to formula 24 5 have a natural deap i n g of 7.69 nap., 
then evidently va most use at least three elementary links or, which is tbs same 
thing, three resonators. 

Calculation of the characteristics can be done easiest in the following Banner : 
we set ourselves an operating damping of the filter and determine the frequencies 
at which it occurs. 

The filter has three frequencies of infinite natural damping. One frequency 
coincides with the frequency of infinite natural damping occurring whan the re- 
sistances of the bridge's arras are equal. In the plane of the phase circuits it 


occurs where d equals 1, and therefore, according to formula 15: 

d* i* I - 


d * l — 1 

Consequently : 


■ 29, <v 


I foo — A f lco - 29 .8 -2B = S3S cps 


Two frequencies of infinite operating damping occur where x equals 0 and x 
equals oo since at these frequencies the characteristic resistance equals ca 
or 0; therefore, the damping of reflection equals no. 

Let us determine the frequencies at which the cporatlng damping equals 7 nep. , 
i.e. the natural damping equals 7.69 nep. 

Since all links are identical, the natural damping of one link: equals 2.57 nep. 
The phase circuit has a damping of 2.57 nep. at two frequencies situated symme- 
trically in relation to the pole. 

@ 

Since the pole is situated at point d equals 1, these two frequencies satisfy 

© 

the condition: 

d b equals , 

where d K and d. are frequencies at which there is identical natural damping of the 
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phase circuit. 

According to formula 10: 


- 1 

= e* + 1 ' 


e 6 + 1 


■ 0.S57, 


1 167. 

d e 


Consequently according to formula 15: 


and 


A/ 


%L 

" A/ 


+ l 5 




Therefore : 

2S-S.3 232 cps 

- + 2S-M - 151 cpi 

Analogically, assigning ourselves other damping magnitudes, we obtain the 
corresponding value of Sf. For large damping vaiues, the magnitude of d will 
approach 1. 

The filter* a damping in the pass-through band is clear from the curves given 
in Fig. 8. At the middle frequency: 

. _ n 1060 

<? " 3 s^- 0 - 06 "''' 

Frequencies f Q _ 20 ops. correspond toi] equals 0.71, whereas f + 10 cps. 
correspond to?} equals __ 0.356. Thus, the characteristics of the filter satisfy 
the stated requirements . 

Further, we determine the unit capacitance C from formula 51: 

C « 23.8 f 

Consequently: 
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2*56000 23,8 


Therefore : 


4- R* — 120000 0/,m 

Let ub assume that the anode-grid or grid-cathode capacitance in the inter- 
cascade connection equals ~15f. Then, adopting %/R = = 0.1, we obtain a 

capacitance, recalculated into the filter, equal to 1.5 f. Therefore, we can take 
the additional capacitance A as equal to ~12 f. 

The damping by voltage between input 1 and output 4 of the inter-cascade 
connection, according to formula 52, equals: 

B = 2,9 4- &p + 


The additional damping i ntroduced by die inter-cascade connection circuit is 
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In Fig* 10, wo give the characteristics of tho operating damping of the filter 
for N equals 1, 2, 3. 

The measured characteristics coincide extremely well with the calculated ones. 
Article received by the Editors on March 20, 1953* 


l) If the aaidd3e frequency were not situated within the pro -assigned limits, 
w® would evidently be able to produce the resonator with a somewhat altered fre- 
quency magnitude without noticeable changes in the remaining parameters. 
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A . M . STRASHKEVICH and A. S. REIZLBJ 


Cg: THE EL£CTRCflOH3PTICAL ACTION C2F OR ID SI STEMS 

(A study is rads of the oleotrono-optical action of a tried®, th® study b®in« 
of particular interest for calculating and constructing cathode-ray tub®s. 

It is shown that it is essentially incorrect to proceed from formulas 
for the individual grid cell. A more precise version is given for the cus- 
tomary formula for the distribution of potential in a flat triode. A study 
is made of the relationship between the position of the focus and the electri- 
cal and geometrical parameters of the system.) 


In recent years we have seen the great benefits of applying methods of elec- 
tronic optics to the construction and calculation of various devices used in 


technical electronics. However, literature on the subject is still highly undev- 


eloped with regard to the question of the eleotrono-optical action of widely used 
grid constructions, which is' of special significance in cathode-ray tubes, vacuum 


tubes with secondary emission, etc. 


Study of only the "distant" grid field permits us to calculate the device in 


terms of the current; to study the focusing action we can no longer restrict 


ourselves to examining "ideal" grids, but w. must proceed from the potential 


distribution while also incorporating the "near" field of the real grid (termin- 

ology from Bibl*l) . ^ 

As we know, the calculation of any multi-electrode tube is essentially the 

calculation of a series of equivalent trlodes (l). This is valid not only in 


relation to the calculation of a device by the current, but also in relation 


to the calculation of the eleotrono-optical action of each grid individually. In 
recent times we observe a tendency toward producing flat-electrode tubes (2) 

Shich have a number of practical advantages owing to the identical density of the 


electron stream. It is therefore of interest, first of all, to 
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vhar® U, , U mtd 0 ax® the potentials of the cathode , grid and anode , 

1 C 2 

k 0 — sin 2 ~ r, k 1 — sh* — d lt k 2 — sh 2 — d 2 . 
a a a 

The potential distribution in the systea depicted in Fig.l is usually de- 
termined by of an approached t crania (2): 


? (x, z) = ~ In ( 1 ~ e 3 — 2e a cos 


—)+Q*% 

a ) a 


(Z + (2) 


Q ,= 




2'H, /, , 4> \ , 

1 \ ,T Ti' 


L r . — — f7j In 2 sin 


2 -a. 


d. / * 

— In I 2 sin j 


— ( 1 -r — - In « 2 sin - 

V d, , ' 


(where equals 0). 

Formulas 1 and 2 satisfy the Laplace equation (it is easily shown that the 
variable magnitudes in then coincide), but formula 1 is more accurate since in its 
development the valnes of the coefficients are obtained proceeding from the re- 
quirement of satisfying the boundary conditions on all electrode# with the 
degree of exactness necessary far practise. 
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This u illustrated by the table. In which f 0 signifies the pre-aasignad 
potential value on the eloctrodea, and f x and <j> 2 the corresponding potential 
values calculated iron formulas 1 and 2. As we see fro* the table, the relative 
error given by formula 1 on the electrodes is an order sealler than that given by 
formula 2. In the table, the peroent of error is indicated far each value of 
-f x and f 2 ! the cathode potential ^ equals 0, the anode potential U 2 equals 1; 

equals d -2 equals d. 

See next page for table. 
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d 

a 


x = r 

a -o 

jc-0 

a — — r 

jc - 0 

8 = r 

x -f- 5r 

■ i 

1 1 

a. o 

3 JO 

To 

- 0.0200 

— 0,0200 

— 0,0200 

1,0000 

1,0000 

3,0 

?i 

— 0.0200 
(0,0%) 

- 0,0183- 
j (9°/o) 

— 0,0183 
(9o/a) 

1,0000 

(0,0%) 

1,0000 

(0.0%) 

3.0 

Tj 

— 0,0188 
(0%) 

— 0,0326 
(68%) 

— 0,0019 
(90%) 

0,9222 

(7.8%) 

0,9222 

(7,8%) 

2,5 

to 

— 0.0200 

— 0,0200 

— 0.0200 

1,0000 

1,0000 

2,5 

ti 

- 0.0200 
(0.0%) 

— 0,0180 
(10%) 

— 0,0180 
( io%) 

1.0000 

(0.0%) 

1,0000 

(0,0%) 

2,5 

ti 

— 0,0177 
(11 &lo) . 

— 0,0340 
(70%) 

+ 0,0024 
(112%) 

0,9245 

(7.6%) 

0,9245 

(7,6%) 

1.0 

to 

— 0.0200 

— 0,0200 

— 0,0200 

1.0000 

1,0000 

1.0 

?1 

- 0,0200 
(0.0%) 

— 0,0154 
(23%) 

— 0.0154 

(23%) 

1,0000 

(0,0%) 

0,9884 

0.2%) 

1,0 

?» 

- 0.0147 
(26,5%) 

— 0,0522 
(16lo/a) 

tp 

-4- 0,0315 
(257%) 

0,9308 

(6.9%) 

0,3303 

(7 Vo) 


Proceeding from correlation 1 we can study the electron-optical properties 
of the system, assuming that the influence of the space charge near the cathode 
is in practice insignificant (3) with regard to the trajectory of the electros . 
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In curve 1 of Fig. 2 we give the relationship of the dosing potential u o0 » 
calculated froa farada 1, to d/a (where U x equals 0, d x equals dg equals d). We 
define U c0 a© the smallest (in terns of the absolute Esagnitude) negative grid 
potential at which not a single electron (with an initial energy of sero) pass 
through the system, i.e. the potential at point z equals 0, x equals a/2 will be 
equal to sero. Curve 2, calculated from the formula adopted for computing the per- 
meability of tubs grids and giving good coincidence with experimental results 
(4,5), lies dose to curve 1. Curve 3, calculated from the inexact formula 2 where 
equals d 2 equals d, produces a laxge deviation (up to 100%) from curve 2. 

Fig -2^ 

-Jb 

<4 


a» 


a/75 

OPO 



The collecting or dispersing action of the field is determined by the sign 
of d 2 f (-, s)/ds 2 . Froa formula 1 we get: 

' ^ \ XI 


a,f ' 2 - a ) 2A(—) 2 - 2 


( 3 ) 


From for mula 3 it follows that the field of system Pig.l over its entire 
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extant, possesses only a collecting or only a dispersing action. (The ease 
result can obviously be obtained fro. formula 2). In this resides the prineip^ 
distinction (not noted in literature) between the field of snch a system and the 
field of an individual grid cell (Fig.3), which usually has both a collecting 
and dispersing region. 

For the potential distribution in the field of system Fig.3 with a snail- 
diameter wire, we can obtain from the formulas of Bibl. 6: 


*(x, z) = 


l - € — E7, — — U J~ 

~uTF(c - r.-d ) 


-JT t , rr iU,-U t )U + ») 

Ji— In T(x, z) + Ui ?! 


r(A-,z)= -7- 




^Mi' 


ch ^_F co,*-^ 


On axis a we will have: 

r l-d 

2\U C —V l — {U 1 — U i ) 2l 


ch ^7 + coS 2l — 
*c ' ( z i" 

ch— -cos -- lf — 


(U 7 -UML±± I 


In Fig.4 we give graphs of d^(| , *)/ds 2 (curve 1) and d*f (0, s)/d* 2 (curve 
2 ). the former is calculated for system Fig.l where d x equals d 2 equals 30r, a 
equals lOr, and the latter for system Fig.3 whore b equals 0, 1 equal. 30r, a equals 
2c equals lOr. In both cases D x equals 0, U c equals -0.02, 0 2 equals 1. 
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The condition for the Fig.l field collecting notion’s transition to a dis- 
persing action upon increase of D c is obtained from formula 3. Where: 


we have a collecting action, and with the reverse inequality sign we have a dis- 
parsing action. 

For system Fig.l, applying the method described (for arlal-aymmetrical fields) 
in Bibl.7, and into account its necessary alteration for the field of a 

cy lindr ical lens (8), we obtain the focus coordinates s f given in Figures 5, 6 and 
7, for different geometrical and electrical parameters of the system. The position 
of the focus is of essential practical importance, for example, when calculating 
the optimum position of the screen grid in a beam-power tube. In Fig. 5, curves 
1, 2, 3 , 4 and 5 give the relationship of Zf to Uo/02 for di equals d2 equals 
30r, 25r, 20r, 15r and lOr respectively. 

In Fig. 6 we give the relationship between s f and dj/a where B e equals 0.00 
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(curve 1) and where U„ = -0.02 U 2 (curve 2) for ^ - a - 10r. In Fig. 7 we show the 
relationship between a f and -|- (where d - d x - d 2 ) for potentials of U c = -0.02 U 2 
(curve 1), U 0 - 0.00 (curve 2) and U 0 - ♦0.02U 2 (curve 3). Calculation of all re- 
lationships shown in Fig. 5, 6 and 7 was done on the assumption of Uq = 0; a = lOr. 


As we can see from the graphs, the lower the grid's potential, the closer the effec- 


tive focus moves toward the cathode, and this the faster, the denser the grid. 


Comparison of the above results with calculations done by the same method for 


separate grid cell (Fig.3) allows us to make a quantitative estimation of the error 


involved when substituting the action of the grid's field with the action of individ- 


ual grid cells. Thus, assuming a - lOr, U x ■= 0, U 0 = -O.OZd 2 for the system Fig.l 
where dq = lOr, d 2 - 30r we get z f = -2.7r; where dq = d 2 = 30r, z f = -2.2r. But for 


an individual cell under the same corresponding geometrical parameters, i.e. where 


b = 10r, 1 = 20r, a = 2 C = lOr, we get z f = -1.3r (counting off zf from the grid), 


and where b = 0, 1 — 30r, we get- zi 12.7r« 




Whereas, when approximately characterizing the electrono-optical action oi the 


grid, we can proceed from the field of an individual cell for < 1, the size of 


a. 

the error becomes inadmissibly large when we deal with larger values of 


Article received by the Editors on April 16, 1954* 
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ON THE 60th BIRTHDAY OF A.L.MINTZ. 


The Soviet people note the 60th birthday and 35 years of scientic activity of 
corresponding member of the Academy of Sciences USSR, Alexander Lvovich Mintz. 

A.L.Mintz devoted his research to many problems in high frequency technology. 


His most fruitful activity was carried out in the 



field of radiobroadcasting devices. We are all fam- 


iliar with the rapid development which this technolc-, 


gical field has undergone in the last three or four 
decades. The majority of basic problems arising in 


this development road were reflected in the works of 


A.L.Mintz, as a researcher, a scientific organizer. 


an inventor and a builder. 


The outstanding significance of his activity in 


the cause of developing Soviet radio engineering results from the fact that A.L.Mintz 


not only recognizes and sets about solving the most urgent problems in radio trans- 
mission, but also that with his characteristically broad scientific outlook and ten- 
acity he was and is able to organize work toward the most rapid realization of the 


newest ideas and projects in advanced radio equipment. 


A.L.Mintz was born in Rostov-on- the-Don on January 9, 1895* His independent 


cientifir activity began while he was still a student in the Physico-Mathematics 


facility of the Moscow University. He directly participated in the Civil War as the 


radio division commander of the 1st cavalry . 


After the Civil War had ended, one of the major problems of military radio 


munication was conversion from spark stations to tube stations. A.L.Mintz took an 


active part in resolving this problem, working in the radio laboratory of the Higher 


Military Communication School, the president of which he became in 1921. Here he 


designed the first radio station working on tubes, which the Red Army adopted togeth- 


er with the full-scale incorporation of audio frequency a.c. 


In 1923, A.L.Mintz became the head of the Scientific Research Institute of 
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Rod Army Communications, which was organised to study matters of military com- 
munication. Many of his works published freon 1923 to 1925 deal with the construc- 
tion of artsy radio stations, their power supply, tonal telegraphy, etc. 

About this tins, radio telephony and radiobroadcasting became the most vital 
questions in the world of radio transmitting devices. Together with I. G. Klya- 
tskin, A. L. Mints developed a method for calculating generators, based on the 
linearisation of tribe characteristics, and also methods fear calculating plate and 
grid modulation (1926-1928). These works were of vital important for that time 
since there was a growing need for an engineering approach to the designing of 
t ransmitters . 

During the years 1924 to 1926, A. L. Hints constructed a number of radio-tele- 
phonic and broadcasting transmitters having powers up to 20 Kw and transmitting 
regularly. He raised transmission quality to a high level for those days, 
thanks to his study and improvement of all the links of the transmitting circuit. 

A. L. Mints payed great attention to radio'telephonic modulation circuits. 

His grid modulation design was put to use in all radiobroadcasting stations em- 
ploying grid modulation constructed by us during the 1930's. 

In the middle of the 1920's, when short-wave radio took on great importance, 

A. L. Mints devoted & great deal of time to this question. Besides constructing 
a series of short-wave message transmitters and a short-wave radiobroadcasting 
transmitter, he organised special expeditions for observing and studying short- 
wave propagation. To solve the problem of frequency stabilisation he used an 
electron tube which acted on the parameters of an oscillatory circuit and in this 
way varied its frequency. 

In connection with the need to build, relying solely on the young Soviet 
industry, a powerful radiobroadcasting station, the VTsSPS, operating at 75 to 
100 Kw, A. L. Mints was invited to work in industry, where he organised in the 
beginning of 1928 the Bureau of Power Radio Construction. In 1929 ths station 
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was already in operation. The successful fulfilment of this task was an important 
step in the cause of developing native radio power. It was not oaly that this 
station was, for its tine, the most powerful in Europe; world leadership in the 
power of radiobroadcasting transmitters belonged to our country even in preceding 
years, thanks to the work of M. A. Bonch-Bruyevich and A. L. Mints. But in 
planning and building this station we note those organisational principles and 
that style of work that later assured the rapid development of Soviet high-power 
radio and also the possibility of the rapid construction of uni cal radio equipment. 
The designing of such equipment usually encompass© a , in addition to purely radio 
skills, an extremely wide knowledge of engineering questions. The incorporation 
of previously untested radio systems, often with the application of new vacuum 
devices, requires detailed theoretical and experimental work. Although the 
action of the new eqt&pmsnt might have a great effect on other parts of installa- 
tions, A. L. Mints with this characteristic boldness and technical intuition, 
was able, in the very first stages of work, to pick out such flexible solutions 
that he was al*le with a minimum of technical, risk to carry out designing, plan- 
ning, construction and parts ordering all at the same time, despite the fact that 
he was faced with many and sometimes highly important unknowns. 

The next groat stride in the development of transmitting devices was the 
designing and construction of the first radiobroadcasting long-wave station, 
operating at 500 Kw (1931-1933). In this station A. L. Mints introduced the 
system of joint block work, later developed into the system of modulator-generator 
blocks. 

The problems arising in connection with building this station, just as the 
more general problems raised by the development of transmitting devices in those 
days, demanded profound studies and designs relating to the questions of generator 
frequency stabilisation, stabilisation of the generator 1 # working conditions, the 
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electrical and power characteristics of transmitters , the construction of 
transmitters for different wave bands, a nten na devices, power supply, special 
materials , etc . To solve this aggregate of problems, A. L. Mints organised a 
multi-branch radio laboratory for transmitting equipment and Iat©r a high-powGF 
radio plant. Here, beginning with 1930, under his supervision were conceived, 
designed and constructed a large number of powerful radio stations, trunk-line 
transmitters , special radio stations and powerful radio centers. In this same 
institution there arose a large collective of practical workers and a large number 
of highly expert specialists. 

Whil e supervising the complex work of this organization, A. L. Mintz pub- 
lished a number of works relating to the construction of high-power transmitting 
installations, to increasing their efficiency, to dismountable tubes, etc. 

The matters of calculating antennas, of selecting the best antenna parameters far 
powerful radio stations, of directive long-wave antennas and rigid short-wave band 
antennas (such antennas were used in 1936-1938 at the then most powerful 120-Kw 
short-wave radio station), were elucidated in & number of works by A. L. Mintz, 
beginning with 1922. We will not dwell here on his research dealing with radio 
measurements , rapid-action and letter-printing radio telegraphy and other s imil a r 
fields of radio engineering. 

During the 2nd World War, A. L. Mints headed the construction of a super- 
powerful radio station. Put into operation in 1943, it is to this day the most 
powerful in the world. 

After this he exerted his errots in new fields of applying high frequency, 
that were of importance in developing the very newest fields of modem physics. 

A. L. Mintz combined his own research work with pedagogical activity with the 
training of young specialists and with social activity. Even at present, together 
with his basic activity in the Academy of Sciences USSR, he takes an active pert 
in the work of the scientific cove its of a number of institutes, in the editorial 
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SCIENTIFIC CONFERENCE GH TELEVISION BROADCAST IRQ 

In December of 1954, there was held in Leningrad a scientific conference 
for exchange of experience is the exploitation of television centers and in the 
technology of television broadcasting, the conference being organised by the Lenin- 
grad and Ukrainian sections of the All-Union Scientific and Technical A. S. Popov 
Society of Radio Engineering and Electrical Communication. 

The conference heard and discussed twenty-six reports and a number of infor^ 
national announcements devoted to the exploitation <f the country' a television 
centers, color television, problems of television broadcasting, indu str i al applica- 
tions of television, distant television reception and other questions in television 
technology. 

In a report by the head engineer of the Moscow Television Center (MTTs), V.B. 
Renard, on the theme "Working Experience of the HTTs®, the conference learned that 
the reconstruction of the MTTs carried out in 1948 made it possible for them to 
greatly increase the number of their television broadcasts. To do this they 
increased the number of studios to two, the number of studio channels to five, 
the number of movie channels to three and set up a mobile television station. 

In the process of exploiting the MTTs station, they came up against a number of 
defects in the television apparatus of the studios: complex structure and cumber- 
some layout of the synchrogenerator 5 unsatisfactory Installation of lighting 
equipment; unsuccessful installation of the intermediate amplifier; poor installa- 
tion of the iconoscope; etc. All these defects must be carefully studied and 
eliminated in the future. 

In the reports given by N. N. Sugar da and S. L. Kopanaky, “Working Experience 
of the Kiev Television Center (KTTs) and “Working Experience of the U-H-F radio 
Station of the KTTs*, the conference learned of many advantages of u— h— f broad- 
casting: high exploitation and quality indices of its antenna-feeder system and 
filter system, and also the successful system of line voltage stabilisation. 
FHTS-8591(V) HO 
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A mo n g 'the shortcomings of the KTTs radio station are: narrow frequency hand 


(4.5 Me); the unsuccessful constructional aspects of the mutual reservation 
blocks and also their poor shielding; the poor installation of the control panels, 
and also the layout of knob commutation. 

Many of the reports to the conference were devoted to matters of color tele- 
vision, but they were in general too abstract. The conference noted our slowness 
in resolving the problems of color television and pointed out the necessity for 
intensifying work in this direction. It i s interesting to note that the discus- 
sion of this question in connection with the report made by Prof. V, L, Kreitser 
at the All-Union Scientific Session of the Society in 1954 also ran short of a 
clear solution in the matter of defining a scientific and technical policy toward 
the development of color television in the USSR. This shows once again that 
these problems are still being paid too little attention. 

In the report "Color Television System" made by Y. G. Minenko, the conference 
heard descriptions of three systems: me with color alternation by fields, which 
has been given the conditional name of consecutive color transmission system and 
two .systems of simultaneous color transmission. 

Evaluating the qualities of the consecutive color system, the speaker came 
to the conclusion that this system gave little promise. However, this conclusion 
was insufficiently demonstrated and was sat with strong objections on the part of 
industry's representatives • 

The speaker gave a detailed description of the system of simultaneous color 
transmission with quadrature subcarrier modulation situated in the brightness 
signal spectrum. 

A method for producing quadrature modulation for transmitting several in- 
dependent programs where the radio station has a pro -assigned restricted frequency 
hand was proposed by corresponding member of the Academy of Sciences USSR, 
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A. A. Platolkors in 1933. In 1939, Prof. «. 0. Momot created - «peri~ntai 

radiobroadcasting itt- with quadrature -edition capable of simultaneous 

transmission of two pro*—, *• Ration is now being d.ba^ as to tbe appl 
bmty of quadrature Nation to coion television with simultaneous — 
of the throe basic colors. The report gave a fairly detailed account of the 
possibility of accomodating three independent television channels. The co erenc. 

„ given the necessary data and descriptions of circuits. When accomodating 
television channels in this way.it is possible to realise a color * 

^th simultaneous color transmission having sufficient clarity without it being 
necessary to greatly enlarge the radio station's frequency tend. 

In the report of V. G. Semyonov, the conference was informed of the 
features a* technical characteristics of the color television receiver 

x a Alekseyev, in his report -Modem Picture Tubes for Color Television., 
pointed out that three types of tubes are of greatest interest: a) the picture 
tube with a white-luminescence screen in conjunction with a rotating disc or 
ta, having color filters; b) the color tube with a mosaic screen and a distri- 
butor (shade) lattice; c) the picture tuba with a ruled screen and control grids. 

A detailed description of these tubes was given. 

The picture tube with a white-luminescence screen in conjunction with a rotating 
disc with light filters should possess elevated screen brightness to compensate 
lig ht losses in the color filters. The Soviet tub. created for this purpose, 

the 18LK6B, a luminescence brightness of 30 millistilb at a piste 

voltage of 15 Kv and an average ray current of 100 microamperes. The tube is dis- 
tinguished by a slightly larger conical part than ordinary one. and. by the appli- 
cation of screen metallisation to raise its light output. The cathode-lumines- 
-nt screen is mad. fro. a mixture of sulphide luminophors of red, green and blue 

luminescence . 
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I. K. Malakhov, in a raport entitled -Modem Television Transnltter Tubes", 
paid particular attention to the operating characteristics of nodern tubes 
of the type LIZ, LI17, LI18, LI19 and LI20. He gave detailed descriptions of 
their sensitivity, resolving power, spectral characteristics, signal interference 
ratio and possibilities for us© in color image transmission. 

Mon-linear distortions are particularly noticeable in iconoscopes with insge 
transfer, in which we observe inconstancy of the contrast coefficient within the 
limits of the transmitted range of brightnesses. In tubes with two-sided targets 
it is possible to control the light characteristic through careful selection of 
the target’ s working conditions. The complete possibilities have not yet been 
studied for tubes with photoconducting targets in which the form of the light 
characteristic can he varied through the choice of the target’s material. 

The fundamental defects in iconoscopes with image transfer are, in the 
opinion of the speaker, bound up with the presence of a “black spot 0 . In tubes 
with a two-sided target, the fundamental defect is contamination of the working 
surfaces and irregularity of the signal along the field. Tubes with photo- 
conducting targets are free from the latter defect. 

In the discussion, the backwardness of the vacuum tube industry was pointed 

9 

out, especially with regard to the email number of tubes put out, their shert- 
livedness, the unstable standardisation of their characteristics and parameters, 
their high cost and the low clarity of images in picture tubes, the limited 
nature of receiver-amplifier tub«8,etc. All this shows that too little attention 
is being paid to these matters in our industry. 

In the report of G. Z. Besidsky, "The Small Television U-H-F Radio Station®, 
the conference heard about a station that might be used in many cities for relay- 
ing television programs and for establishing small television centers in the 
regional cities of our country. Until the present, however, these stations have not 
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b@en installed and smlnly through the fault of the radio industry, which has cot 
put into practice their mss production. This obliges Many organisations to 
construct such stations using amateur methods. 

The initiative of Kharkov radio amateurs, who built the first Soviet amateur 
television center, inspired amateurs in other cities as well. Thus, amateur 
television centers were built in Gorky, Tomsk, etc. In a report given by D. Kry— 
ahanovsky, “The Small Television Center of Gorky 0 , an account was given of the 
structure, te chni cal data and electrical circuity of the separate blocks. The 
operational results and enlargement perspectives of the center were also pointed 
out. 

The report of A. G. Kondratyev on “The Industrial Applications of Television® 
was found unsatisfactory by the confer ones despite the imp or tones of the theme. 

The report was extremely brief and only the regions of possible use of television 
in indus try and agriculture were cited and not the specific results gained by the 
speaker in his work under prof. P. V . S haak ov. 

We know that television is becoming more and more u sefnl in underwater re- 
search, in geological investigations, in p l a nnin g oil wells, in transmitting X-ray 
images, in metallography, etc. At present, the further development o f television 
in industry is being held up mainly by the absence of specialised organisations 
that might create the necessary equipment. 

I. F. Nikolayevsky, in his report “Ways and Means of Suppressing Television 
Interference", informed the conference that after an investigation of television 
receivers operating in various parts of Moscow during 1952 and 1953, the follow^ 
ing distribution of interferences was found to exist: from radio stations — 62%; 
from medical apparatus — 12%; fnm automotive and trolley traffic — 12%; from 
low-power electric motors — 7%; from electric welding macilnery — 2%; from the 
<h gnal reflection by passing airplanes — 0.5%; and from other interference 
sources (electric bells, electric signs r etc) — 0.5%. 1 survey was given of 
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the frequency characteristics of interferences, the ways in which they penetrate 
a television set, the types of image and sound distortion brought about by inter- 
ferences, the ways and taftang of eliminating interference, ths experience in 
applying anti-interference devices and future possibilities in this field. Sample 
anti-interference devices were demonstrated. 

In the comments relating to I. F. Nikolayevsky's report it was pointed out 
that anti— interference attachments for television sets were being incorporated in 
too limited a fashion. 

The conference also devoted attention to questions of longrange television 
reception. It was pointed out that the question of 1 ong— range and extra— long- 
range reception is being given very little attention at present even though a 
knowledge of long-range and extra -long —range reception might give us additional 
information with regard to the theory of radio wave propagation. 

It is evident that the proposed long-range reception might not assure the 
necessary regularity for the daily use of television sets. However, in a number 
of instances, successful reception might be attained. This fact is confirmed by 
the reception of KTTs broadcasts in Gomel (225 kilometers), Ronmy (210 km), 
Kirovograd (248 km), Vinnitsa (195 km), Rovno (310 km), Poltava (300 km), Vap- 
nyarka (247 km) and at a number of other points (*) . 

At all the above points, reception is basically made with rhombic antennas 
situated several stories high and television sets of the type “Leningrad T-2" 
with high-frequency 2— to“4atage amplifiers. 

The sound part of the KTTa station is clearly heard in Kharkov, Sumy, Minsk 
(390 km) and other cities. It can be assumed that with the proper measures it 
would be possible for the KTTs picture to be received at some points in these 


Also of interest are cases of extra -long-distance reception. For instcce, in 
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Poltava they received broadcast* from an Italian television center; in Neshina 
there is periodic reception from a number of foreign stations. These instances 
of extra-long-distance reception are reported by chance. If we were to organize 
regular studies cm television reception, we night establishthat certain regular 
phenomena, exist. 

The conference displayed great interest in the talk given by engineer Beno 
(Czechoslovakia ) . He reported® the results of candidate of technical sciences, 
Mrazek, who recorded repeated instances of reception from the MTs, LTTs and 
other television centers of the world at 40 km from Prague. As a rule, the 
field intensity did not depend on the orientation of the receiver dipole, and in 

a her- of cases broadcasts from the MTTs covered up the signal intensity created 

by the Prague television station. In their turn, radio signals fro. the Prague 
transmitter creates complications in the field intensity from the MTTs in 
Voronezh, as the conference was subsequently informed by P. Trifonov. 

The conference's resolutions point out the necessity for designing a more 
effective color television system, improving the exploitation of television 
centers, increasing production and improving the quality of vacuum tubes, etc. 

It was particularly emphasized that we need a magazine to deal v/ith questions of 
television, electronics and related matters. The need was also e xpressed for 
holding annual conferences on matters of television technology , as well as 


specialised conferences on individual television problems. 


FOOTNOTE 


*In parentheses are the distances between the television center and the 


reception point. 
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NEW BOOKS 


I. I. Grodnyev and V. V. Sokolov, "COAXIAL CABLES", SvyazHzdat, M., 1954., 226 


p&gos , 7 rubles 40 kopeks 


Tho book examines the theory of coaxial cables, the Influence of constructional 


irregularities on the quality of electric signal transmission, the influences 
between separate coaxial pairs and their shielding, electrical measurements (par- 
ticularly through impulse methods), the structure of coaxial cables, and also 
practical question of construction, installation and exploitation of cable lines 
containing coaxial pairs. The book is intended for engineering workers involved 
in the planning, construction and exploitation of cable lines, and for students 


in advanced courses at electric communication institutes. 


B. V. Bulakov, OSCILLATIONS, Gostekhteoretizdat, M. , 1954, 891 pages, 29 rubles 


40 kopeks. 


The first part of the book contains the fundamentals of matrix and oje rational 
CT 1 ^„. and an .exposition <f some questions in analytical mechanics that are ' 


closely bound up with the theory of oscillations. 


The second part of the book examines free and forced oscillations of systems 


with one degree of freedom, mainly non-linear systems. 


The third part examines: internal and forced oscillations of systems with 


many degrees of freedom; passive systems; linear regulated systems; the theory 
of linear systems with periodic coefficients; the theory of oscillations of non- 


linear systems with many degrees of freedom. 


P.V. Shmakov, FUNDAMENTALS OF COL®. AND THREE-DIMENSIONAL TELEVISION, lad. 


"Sovetskoye radio", M., 1954, 303 pages, 10 rubles 70 kopeks. 


Tb- first part of the book presents an exposition of the physical foundations 
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of color television and of color calculations in color television systems; the 
author gives a classification of such systems and the basic principles of their 
construction, as well as a description of tubes for color television. 

In the second part, devoted to three-dimensional (stereoscopic) television, the 
; author discusses the necessary conditions for the three-dimensional reproduction of 
images, and also systems for realizing three-dimensional reproduction. The con- 
cluding chapter is devoted to the question of three-dimensional color television. 


A. A. Rizkin, FUNDAMENTALS OF THE THEORY OF AMPLIFYING CIRCUITS, Second Edition, 
lad. "Sovetskoye radio”, M., 1954, 439 pages, 13 rubles 50 kopeks. 

The first five chapters give the general methods for analyzing amplifying 
circuits, and also a survey of selective amplif iers , audio frequency amplifiers 
and amplif iers with feedback. The sixth chapter is devoted to wide-band ampli- 
fiers, complex circuits for their correction, and also the internal noises of 
amplifiers . Chapters 7 and 8 discuss the operating principles of impulse amplifi- 
ers and some circuits. In chapters 9, 10 and 11 the author gives a description of 
d.c. amplifiers, power audio amplifiers working under various conditions, and 
also tubeless amplifier! — crystal and magnetic. 


S. G. Ginsburg, METHOD OF SOLVING PROBLEMS OF TRANSIENT PROCESSES IN ELECTRICAL 
CIRCUITS, izd. "Sovetskoye radio”, M. , 1954, 252 pages, 7 rubles 90 kopeks. 

The book examines various methods for solving problems dealing with transient 
processes in linear electrical circuits. The author demonstrates the applica- 
tion of the classical method, the operational method (particularly, the Heaviside 
formulas when connecting into constant and harmonic voltage under zero starting 
conditions), superposition integrals and superposition methods. The last chapter 
is devoted to the spectral method and its application to the study of transient 
processes. 
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